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PROCEEDINGS. 


This  Association  is  not  responsible,  as  a   body,  for   the    opinions  or  views  ex- 
pressed by  individual  members. 


TUESDAY,  MARCH  19,  1907. 

MORNIXG    SESSION. 

The  meeting  was  called  to  order  by  the  President,  Mr.  Howard  G. 
Kelley,   at  9:30  a.   m. 

The  President :— The  first  business  in  order  is  the  reading  of  the 
Minutes  of  the  last  annual  meeting.  As  these  Minutes  have  been 
printed  and  furnished  to  each  member  of  the  Association,  it  is  unneces- 
sary to  read  them,  and  unless  there  is  objection  they  will  stand 
approved. 

The  next  business  is  the   President's  annual  address. 

PRESIDENT'S   ADDRESS. 

In  calling  the  convention  to  order  for  its  eighth  annual  assemblage 
I  am  reminded  of  Section  3,  Article  i,  of  the  Constitution  which  reads: 
"The  object  of  this  Association  shall  be  the  advancement  of  knowledge 
pertaining  to  the  scientific  and  economical  location,  construction,  oper- 
ation and  maintenance  of  railroads."  The  full  significance  of  this 
sentence  is  difficult  to  grasp;  the  diversity  and  breadth  of  the  investi- 
gations and  knowledge  required  cover  many  fields  and  lines  of  thought, 
and  a  review  of  the  annual  Proceedings  from  the  first  year  to  the 
latest  publication  will  show  how  carefully  and  earnestly  the  members 
of  the  Association  have  carried  out  the  purpose  of  its  organization. 

The  committee  reports  show  an  increased  excellence  of  arrange- 
ment and  digest  of  facts,  and  the  adoption  of  clear,  concise  specifica- 
tions is  reducing  to  a  common  standard  the  varying  practice  of  the 
members  and  of  others  not  members  who  are  engaged  in  construction 
work.  The  fact  that  the  specifications  already  adopted  by  the  Asso- 
ciation and  published  with  the  seal  of  its  approval  are  looked  upon  as 
authoritative  standards,  emphasizes  the  necessity  that  our  proceedings 
should   be   marked   witli    care    and    receive    the    most    thoughtful    consid- 
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eration ;    and   no   final    action   of  the   Association    should   be   taken   until 
every  feature  of  the  subject  under  consideration  has  been  determined. 

The  applications  for  membership  during  the  year  numbered  89 
and  included  applicants  from  several  foreign  countries,  bringing  the 
total  membership  up  to  602.  Our  publications  are  now  forwarded 
to  South  and  Central  America,  England,  Russia,  South  Africa,  Aus- 
tralia, Japan,  New  Zealand,  Japan  and  India.  It  is  to  be  hoped  that 
the  new  members  from  those  distant  countries  will  enter  into  our 
active  work  by  participating  with  the  various  committees  through  cor- 
respondents, thus  adding  to  the  general  knowledge  and  universal  value 
of  the  proceedings. 

In  fact,  attention  is  called  to  the  desirability  of  having  written 
discussions  of  the  printed  committee  reports ;  many  members  who  are 
unable  to  attend  the  annual  meetings  might  with  advantage  to  the 
Association  send  in  written  discussions,  which  could  be  distributed  in 
leaflet  form  at  the  convention  and  included  in  the  published  Pro- 
ceedings. 

With  the  increasing  membership  has  come  increasing  responsibili- 
ties. The  diversity  of  interests  and  specialties  represented  by  the 
members  and  the  new  applicants  have  made  it  difficult  to  determine 
when  the  qualifications  and  occupations  entitle  an  applicant  to  mem- 
bership or   disqualify  him. 

The  obligations  resting  upon  members  through  their  connections 
with  large  corporate  interests  makes  it  vitally  necessary  that  the  con- 
clusions upon  technical  subjects  be  free  from  any  personal  or  com- 
mercial influence ;  however,  the  Association  cannot  desire  to  exclude 
from  active  participation  in  its  work  members  who  having  allied 
themselves  with  commercial  engineering  enterprises  might  not  be 
eligible  under  the  present  Constitution  to  retain  their  membership,  yet 
whose  scientific  and  practical  attainments  lend  additional  value  to  the 
discussions. 

In  endeavoring  to  meet  these  exigencies  with  impartiality  and 
with  full  justice  to  all  of  the  interests  involved  the  Board  of  Direction, 
upon  the  application  of  ten  members,  has  placed  before  the  Association 
certain  amendments  to  the  Constitution  to  be  voted  upon  by  letter- 
ballot.  With  these  amendments  you  are  all  now  familiar,  and  the 
result  of  the  ballot  will  be  announced  by  the  Secretary;  it  is  earnestly 
hoped  that  if  they  are  adopted  they  will  remove  the  difficulties  expe- 
rienced and   result  in  increased  good  to   the  Association. 

The  interest  of  managing  officials  of  railroads  in  the  work  of  the 
Association  is  expressed  in  the  additions  to  membership  and  the 
increased  sale  of  the  Proceedings  to  railroads,  where  they  are  placed 
in  the  hands  of  the  various  officials  connected  with  Maintenance  of 
Way  as  a  standard  book  of  reference.  The  result  has  been  to  make 
the  work  of  the  Association  truly  representative  of  the  railroad  inter- 
ests, yet  at  the  same  time  retaining  the  valuable  feature  of  the  indi- 
vidual membership. 
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The  National  Advisory  Board  appointed  by  the  President  of  the 
United  States,  upon  which  Board  this  Association  is  represented,  has 
held  two  meetings  in  Washington,  D.  C,  since  our  last  convention. 
The  investigations  conducted  by  the  Government  are  of  the  highest 
value  to  engineers  and  scientists  and  will  result  in  adding  valuable 
information  to  the  sum  of  our  knowledge,  making  design  and  con- 
struction more  economical  and  Safeguarding  the  available  supply  of 
construction   materials    and   fuels. 

During  the  year  a  sub-committee  was  appointed  to  co-operate  with 
a  special  committee  from  the  American  Railway  Pilaster  Mechanics' 
Association  to  consider  the  question  of  gage  on  curves ;  one  meeting 
of  this   joint   committee   has   been   held. 

A  special  committee  was  also  appointed  by  the  Board  of  Direction 
at  the  request  of  the  American  Railway  Association  to  confer  with 
a  committee  from  that  Association  upon  the  subject  of  "Third-Rail 
Working  Conductors  and  Their  Relation  to  Equipment."  The  subject 
of  electrification  of  steam  roads  is  therefore  brought  directly  before 
the  Association,  and  will  require  in  the  immediate  future  special  atten- 
tion in  the  matter  of  its  effect  upon  maintenance  of  way  methods  and 
operation.  The  field  is  new  and  important,  and  consideration  of  the 
best  method  of  providing  for  its  treatment  will  be  given  by  the  Board 
of    Direction. 

The  subject  of  securing  a  fund  to  be  used  in  conducting  impact 
experiments  under  the  direction  of  the  Committee  on  Iron  and  Steel 
Structures  has  been  considered,  and  the  President,  upon  direction  of 
the  Board,  issued  a  circular  letter  inquiring  whether  support  could  be 
secured  from  the  various  railroad  companies  whose  ofiiclals  are  mem- 
bers of  this  Association.  Several  favorable  responses  have  been  received 
and  the  Board  is  encouraged  to  hope  that  the  necessary  financial  aid 
will  be  secured. 

The  increasing  scarcity  of  tie  timbers  and  extraordinary  advance 
in  the  price  of  ties  requires  the  serious  consideration  of  the  Associa- 
tion; particular  attention  should  be  given  to  the  consideration  of  pro- 
viding for  future  supplies  by  the  use  of  softer  and  inferior  timbers 
for  the  purpose,  and,  in  addition,  a  study  of  the  availability  of  other 
classes  of  material  for  use  as  ties.  The  investigation  of  the  United 
States  Forest  Service  and  its  publications  upon  this  and  kindred  sub- 
jects affecting  the  timber  supply  are  of  the  highest  value  in  this  con- 
nection. 

The  reports  of  the  Secretary  and  Treasurer  for  the  fiscal  year 
show  a  satisfactory  and  sound  financial  condition ;  the  sale  of  Bulletins 
and  Proceedings  has  been  gratifying,  and  the  Association  has  cause 
to  look  toward  the  future  with  confidence  and  pride,  yet  with  a  reali- 
zation of  the  responsibilities  which  now  rest  upon  it  and  which  will 
increase   with   the  years   to   come. 

In  closing  my   second   and  final   year  as    President  of   the   Associa- 
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tion  I  desire  to  express  my  appreciation  of  the  honor  which  has  been 
conferred  upon  me  and  of  the  personal  consideration  of  the  members. 
My  interest  in  the  welfare  and  future  of  the  Association  will  always 
continue,  and  I  shall  be  ready  to  add  my  efforts  to  those  of  the  other 
members    for    its    advancement. 

In  conclusion  the  Board  of  Direction  desires  to  thank  the  members 
for  their  hearty  support  and  interest,  and  wish  for  the  Association 
continued    prosperity    and    advancement      [Applause.] 

The  President: — Although  somewhat  out  of  the  usual  order  of 
business,  the  chair  will  ask  the  Secretary  to  announce  the  result  of 
the  ballot  upon   the   amendments   to  the   Constitution. 

Secretary  E.  H.  Fritch : — The  result  of  "the  vote  on  the  proposed 
amendments  to  the  Constitution,  relative  to  membership,  is  as  follows : 
For  the  proposed  amendments,  190  votes ;  against  the  proposed  amend- 
ments,    35     votes. 

The  vote  on  the  amendments  to  the  Constitution  in  regard  to 
the  tenure  of  ofiSce  of  the  President  and  Vice-Presidents  is  as  follows : 
For  the  amendments,   145  votes ;   against,   12  votes. 

The  President: — In  this  connection  the  chair  desires  to  say  that 
the  Board  of  Direction  has  construed  these  amendments  to  be  not 
retroactive ;  in  other  words,  they  will  not  apply  to  those  members  of 
this  Association  who  have  been  identified  with  its  progress  and  its 
work  during  the  past  eight  years,  and  that  the  intention  of  the  amend- 
ments were  to  apply  to  future  applicants  for  admission ;  and  in  line 
with  that  the  Board  has  received  a  petition  from  ten  members  asking 
for  an  addition  to  the  amendment  to  the  article  relating  to  member- 
ship, which  will  be  submitted  to  letter-ballot,  and  which,  if  adopted, 
will  guide  the  Board  officially  during  the  next  year  in  the  consideration 
of  the  qualifications  of  the  applicants.  The  following  is  the  proposed 
amendment  to  the  Constitution : 

Change  Section- i.  Article  2,  by  adding  the  following:  "AH  persons 
who  are  members  of  this  Association  at  the  time  of  the  adoption  of 
this  section  shall  retain  their  membership  as  active  members." 

The  next  business  in  order  will  be  the  report  of  the  Secretary  and 
Treasurer. 

Secretary   Fritch   read   the    following   report: 
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REPORT     OF     SECRETARY     AND     TREASURER. 


To   the  Members   of  the  Association: 

The  following  report  is  respectfully  submitted: 

FINANCIAL    STATEMENT. 

Balance  cash  on  hand  last  annual  report $  9,948  76 

Receipts   during  the  year    $11,180  16 

Expenditures   during   the   3^ear 7,77Z  03 

Balance    to    credit    $3,40713        3,40713 

Balance  cash  on  hand  date  of  this  report $13,355  §9 

Expenditures   during  the  year    7,772  2)2i 

Expenditures  in  detail : 

Stationery    and    printing    $  3,934  1 1 

Postage   and    exchange    41392 

Salaries      1,916  33 

Clerical    services    131  25 

Office    equipment    55  26 

Office   supplies    41  80 

Rents     695  00 

Expressage    on    Proceedings,    etc 190  05 

Light     14  69 

Telephone  and   telegrams    93  02 

Committee    expenses    37  91 

Annual  meeting  expenses    249  69 

Total   expenditures    %7,77Z  03 

MEMBERSHIP. 

Membership  last  annual  report    528 

Members  admitted  during  year   89 

Withdrawals      3 

Dropped    for  non-payment  of   dues 5 

Deceased  members    7 

15     15 

Gain      74  74 

Membership  date  of  this    report 602 

The  President: — Unless  there  is  objection  the  report  will  be  ac- 
cepted. 

The  chair  desires  to  ask  that  each  member  on  rising  to  speak 
will  give  his  name  and  the  name  of  the  road  with  which  he  is  con- 
nected, in  order  that  the  reporters  can  get  it  correctl3^ 

Invitations  have  been  extended  to  a  number  of  professors  of 
colleges  of  engineering  to  attend  the  sessions  of  the  convention.  The 
privileges  of  the  floor  are  extended  to  them  and  the  chair  hopes  thej- 
will   feel  at   liberty  to  take  part  in   the   discussions. 
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The  members  will  please  bear  in  mind  that  we  have  a  large  amount 
of  work  on  hand,  and  it  is  earnestly  hoped  that  all  will  be  promptly 
on  hand  at  the  opening  of  the  different  sessions.  A  number  of  appli- 
cations for  membership  have  been  received  within  the  last  few  days, 
too  late  to  be  acted  on  by  the  Board  of  Direction  before  this  meeting. 
The  privileges  of  the  floor  are  extended  to  the  applicants  referred  to, 
and  they  are  invited  to  take  part  in  the  discussions. 

The  chair  wishes  to  call  the  attention  of  the  chairmen  of  the 
several  committees  to  the  desirability  of  holding  frequent  meetings 
of  their  respective  committees  during  the  three  days  of  the  convention, 
if  possible.  Chairmen  of  committees  who  desire  to  call  their  com- 
mittees together  for  conference  can  have  announcement  made  in  open 
meeting  of  the  time  and  place  by  handing  their  call  to  the  Secretary. 

The  first  report  to  be  considered  will  be  that  of  the  Committee 
on  Uniform  Rules,  Organization,  etc.,  of  which  Mr.  G.  H.  Webb,  Chief 
Engineer  of  the   Michigan    Central   Railroad,   is   chairman. 

(See  report,  pp.  23-40;  discussion,  pp.  28-40.) 

The  President: — We  will  next  consider  the  report  on  Ballasting. 
The  Committee  will  please  come  forward.  Mr.  John  V.  Hanna,  the 
chairman,   will   present   the   report. 

(See  report,  pp.  41-67;  discussion,  pp.  60-67.) 

The  President: — The  chair  desires  to  announce  that  the  report  of 
the  Signaling  and  Interlocking  Committee  will  come  up  for  discussion 
immediately  after  luncheon,  and  members  of  the  Railway  Signal  Asso- 
ciation who  may  be  present  are  invited  to  take  part  in  the  discussions. 
We  will  be  pleased  to  have  our  members  invite  members  of  the  Rail- 
way Signal  Association,  who  are  not  also  connected  with  this  Associa- 
tion, to  be  present  this  afternoon.  The  afternoon  session  will  begin 
at  2  o'clock;  we  are  obliged  to  adjourn  promptly  at  5:30,  as  there  is 
to  be  an  evening  session  to  consider  the  report  of  the  Committee  on 
Economics  of  Railway  Location,  which  is  a  very  valuable  report  and 
will    take    up   the    entire    evening   session. 

AFTERNOON    SESSION. 

The  meeting  was  called  to  order  at  2  o'clock  by  the  President. 

The  President : — The  members  of  the  Committee  on  Signaling  and 
Interlocking  will  please  take  their  places  on  the  platform.  In  the 
absence  of  the  chairman,  the  vice-cliairman,  Mr.  A.  H.  Rudd,  will  pre- 
sent the  report  of  the  Committee. 

(See  report,  pp.  69-85;   discussion,  pp.  90-104.) 
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The  President : — The  report  of  the  Committee  on  Records,  Reports 
and  Accounts  will  be  the  next  business.  The  chairman,  Mr.  Edwin  F. 
Wendt,  will  introduce  the  subject. 

(See  report,  pp.   105-125;   discussion,  pp.    126-141.) 

The  President: — This  evening  has  been  set  apart  for  the  report 
of  the  Committee  on  Economics.  The  meeting  will  be  called  promptly 
at  8  o'clock.  The  chair  would  ask,  on  behalf  of  the  Committee,  that 
there  be  a  full  attendance  of  the  members  to  listen  to  this  inter- 
esting subject.  The  report  to  be  presented  to-night  is  principally  his- 
torical and  consists  largely  of  a  collection  of  interesting  data.  It  is 
very  valuable  and  may  produce  quite  a  discussion  and  interchange 
of  views  which  will  aid  the  Committee  in  its  work  next  year. 

EVENING    SESSION. 

The  President: — The  Committee  on  Economics  of  Railway  Loca- 
tion will  please  come  forward.  In  the  absence  of  the  chairman,  Mr. 
McNab,   Prof.   Allen   will   present   the   report. 

(See  report,  pp.   143-243;  discussion,  pp.  244-254.) 

The  President :— The  chair  wishes  to  announce  that  the  report  of 
the  Committee  on  Iron  and  Steel  Structures  will  be  presented  to-mor- 
row afternoon  instead  of  Thursday.  The  chair  would  like  the  repre- 
sentatives of  roads  to  be  in  position,  as  far  as  possible,  to  state  what 
stand  the  roads  will  take  in  reference  to  furnishing  a  certain  amount 
of  money  for  conducting  impact  experiments.  Several  satisfactory 
prom.ises  have  been  made  from  different  roads,  offering  assistance  in 
making  these  impact  tests,  and  if  a  few  more  wall  come  in  and  promis-; 
to  contribute  on  a  mileage  basis,  or  give  a  stated  amount,  we  would  h^ 
in  position  to  start  the  experiments  this  summer.  The  experiments 
would  be  conducted  under  the  direction  of  the  Committee  on  Iron  and 
Steel  Structures.  The  new  instrument  prepared  by  Prof.  Turneauro 
for  conducting  these  experiments  will  be  on  exhibition  to-morrow  in 
this     room. 

WEDNESDAY,  MARCH  20,  1907. 

MORNING    SESSION. 

President  Kelley  called  the  meeting  to  order  at  9:30   a.   m. 

The  President: — The  first  business  before  the  convention  this 
morning  is  the  report  of  the  Committee  on  Buildings.  Mr.  A.  R.  Ray- 
ner,  chairman  of  the  Committee,  will  please  make  a  preliminary  state- 
ment. 

(See  report,  pp.  255-278;   discussion,  pp.  279-296.) 
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The  President : — The  report  of  the  Committee  on  Roadway  will  be 
the  next  thing  in  order.  Mr.  G.  H.  Bremner,  of  the  Chicago,  Bur- 
lington &  Quincy,  will  present  the  report  in  the  absence  of  the  chair- 
man,   Mr.    Slifer. 

(See  report,  pp.  297-313;  discussion,  pp.  343-350.) 

AFTERNOON    SESSION. 

President  Kelley  called  the  meeting  to  order  at  2  :oo  p.  m. 

The  President : — The  first  business  before  the  convention  this 
afternoon  is  the  report  of  the  Committee  on  Iron  and  Steel  Structures. 
Mr.  J.  P.  Snow,  of  the  Boston  &  Maine,  is  chairman,  and  will  open 
the   discussion. 

(See  report,  pp.  351-386;  discussion,  pp.  387-392.) 

The  President : — The  next  report  to  be  considered  is  that  on 
Wooden  Bridges  and  Trestles.  Prof.  H.  S.  Jacoby,  of  Cornell  Uni- 
versity,   will    make    a    preliminary    statement. 

(See  report,  pp.  393-441;  discussion,  pp.  442-458.) 

The  President : — The  Signaling  and  Interlocking  Committee  was 
instructed  at  the  session  yesterday  afternoon  to  reconcile  certain  differ- 
ences in  its  report  with  the  matter  now  appearing  in  the  Manual  of 
Recommended  Practice.  Mr.  L.  R.  Clausen,  a  member  of  the  Com- 
mittee, will  make  a  report  on  the  subject. 

The  President : — We  will  now  hear  the  report  of  the  Committee 
on  Ties.  The  chairman  of  the  Committee,  Mr.  E.  B.  Cushing,  was 
unavoidably  detained;  the  vice-chairman,  Mr.  W.  W.  Curtis,  will  there- 
fore present  the  report  of  the  Committee. 

(See  report,  pp.  459-481;  discussion,  pp.  508-531.) 

THURSDAY,  MARCH  2J,  J907. 

MORNING    SESSION. 

President   Kelley  called  the  meeting  to  order  at  9:30  a.   m. 

The  President : — We  will  continue  the  discussion  on  the  report  of 
the  Tie  Committee. 

The  privileges  of  the  floor  are  extended  to  representatives  of 
the   Forest    Service   who    may  be   present. 

The  President : — The  next  business  in  order  is  the  report  of  the 
Committee  on  Signs,  Fences,  Crossings  and  Cattle-Guards.  The  chair- 
man,  Mr.   W.    D.    Williams,    will   present   the    report   of   the   Committee. 

(Sec  report,  pp.  525-528;  discussion,  pp.  532,  533.) 
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The  President : — The  next  thing  on  the  program  is  the  report  of 
the  Committee  on  Rail.  The  Committee  has  presented  no  printed 
report,  but  submits  a   report  of  progress,  as   follows : 

"Your  Committee  on  Rail  has  continued  its  investigations  into 
the  matter  of  breakage  of  rails,  and  observations  of  the  performance 
of  open-hearth  rails  are  being  coatinued;  but  your  Committee  con- 
siders that  it  would  be  premature  to  express  any  opinion  on  either 
of  these  subjects  other  than  those  embodied  in  former  reports,  and 
therefore  begs  to   report  progress." 

The  President : — The  chairman  of  the  Committee,  Mr.  Webster,  has 
requested  that  the  members  be  asked  to  give  the  Committee  the  benefit 
of  any  information  thej'  may  possess  in  regard  to  any  new  features  in 
the  rail  situation  that  may  have  developed  since  the  last  annual  con- 
vention. 

The  next  business  will  be  the  report  on  Track.  Owing  to  an 
unfortunate  accident  to  the  chairman,  Mr.  L.  S.  Rose,  he  is  unable 
to  take  his  place  on  the  platform,  although  he  is  present  in  the  hall. 
Mr.  T.  H.  Hickey,  of  the  Michigan  Central,  vice-chairman  of  the 
Committee,  will  therefore  present  the  report. 

(See  report,  pp.  535-540;  discussion,  pp.  584-600.) 

The  President: — The  chair  will  appoint  as  tellers  to  canvass  the 
vote  for  officers  IMessrs.  G.  M.  Walker,  Jr.,  V.  D.  Simar,  C.  H.  Fake. 
The  Secretary  will  turn  the  ballots  over  to  the  tellers  and  they  can 
be  taken  to   the   committee   room   and   counted. 

AFTERNOON    SESSION. 

President  Kelley  called  the  meeting  to  order  at  2:15  p.  m. 

The  President : — The  Committee  on  Yards  and  Terminals  report 
progress,  and  hope  to  submit  a  report  at  the  next  annual  convention. 

The  Committee  on  Classification  of  Track  issued  a  letter-ballot 
during  the  year  on  the  proposed  classification  of  railway  track  into 
three  classes,  with  the  following  result:  For  the  proposed  classification, 
152  votes ;  against  the  proposed  classification,  8  votes.  The  classifica- 
tion has  therefore  been  adopted. 

We  have  two  printed  reports  for  consideration  this  afternoon — the 
reports  on  Water  Service  and  on  Masonry.  After  these  two  reports 
have  been  disposed  of  we  will  hold  a  business  meeting,  at  which 
the  result  of  the  ballot  for  officers  will  be  announced. 

The    report    of    the    Water     Service     Committee    will    be    first     in 
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order.  M'r.  A.  K.  Shurtleff,  the  chairman,  will  make  the  preliminary 
statement. 

(See   report,   pp.   601-617;    discussion,   pp.    618-624.) 

The  President : — We  have  an  interesting  communication  from  Mr. 
J.  L.  Campbell  upon  the  electrical  treatment  of  water.  Owing  to  its 
length  it  has  been  suggested  it  be  not  read  here  to-day,  but  included 
as  a  part  of  the  discussion  in  the  Proceedings.  No  objections,  it  will 
be    so    ordered. 

The  President: — We  will  now  take  up  the  report  of  the  Committee 
on  Masonry,  of  which  Mr.  A.  O.   Cunningham  is  chairman. 

(See  report,  pp.  625-633;  discussion,  pp.  634.) 

The  President: — The  Association  reconsidered  its  previous  action 
on  these  specifications,  in  so  far  as  it  pertains  to  the  suggested  revision 
by  the  Committee  on  Masonry.  To  take  these  specifications  up  item 
by  item  would  occupy  more  time  than  the  Association  has  at  its  dis- 
posal to-day.  The  Committee  states,  however,  that  it  is  merely  a 
revision  of  verbiage,  or  condensation,  without  change  of  meaning  or 
intent  of  the  specifications,  as  they  have  been  printed  in  the  Bulletin. 
Unfortunately,  we  have  not  time  to  go  over  them  all  in  detail.  If 
they  are  carried  over  now  they  will  be  taken  up  next  year. 

The  President: — Upon  personal  request,  Mr.  C.  G.  Crawford,  of 
the  United  States  Forest  Service,  desires  to  address  the  convention 
for  a  very  few  minutes  upon  certain  subjects  of  interest  to  the  Forest 
Service  and  also,   he  thinks,   to  the  Association. 

The  President : — We  have  an  invitation  from  the  Secretary  of  the 
Roadmasters'  Association  extending  a  cordial  invitation  to  members  of 
this  convention  to  attend  the  Roadmasters'  convention  to  be  held  at 
the    Sherman    House,    November    12th    next. 

Have  any  members  of  the  Association  any  suggestions  to  offer 
for  the  advancement  of  the  Association  during  the  coming  year?  If 
not,  we  will  proceed  to  the  announcement  of  the  ballot  for  officers 
for  the  ensuing  year. 

Secretary  Fritch : — The  tellers  appointed  to  canvass  the  votes  for 
officers  for  the   ensuing  year  report  as   follows : 

"We,  the  Committee  appointed  as  tellers  to  canvass  the  votes  for 
officers  of  this  Association   for   1907-8,  find   the   following  results : 

For  President: 

A.  W.  Johnston    255  votes 

Francis    Lee    Stuart    i  vote 
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Fur   Vice-President    (Two  years)  : 

W.    M'cNab    254  votes 

J.    B.    Berry    i  vote 

D.  D.    Carothers    i  vote 

For  Secretary: 

E.  H.  Fritch    256  votes 

For  Treasurer:  » 

W.    S.   Dawley    256  votes 

For  Two  Directors   (Three  years  each)  : 

L.    C.    Fritch    254  votes 

W.  G.  Besler 254  votes 

S.    Rockwell    I  vote 

J.   B.   Berry    i  vote 

J.   B.    Dickson    i  vote 

F.  E.   Turneaure    i  vote 

Respectfully  submitted, 

Geo.  M    Walker,  Jr., 

V.     D.     SiMAR, 

C.  H.  Fake, 

Coininiltec. 

The  President :— You  have  heard  the  result  of  the  vote  for  officers. 
The  gentlemen  receiving  the  highest  number  of  votes  are  declared 
elected  officers  of  this  Association  for  the  current  year.  We  would  like 
to  hear  from  the   President-elect,  Mr.   A.   W.  Johnston. 

President-elect  Johnston: — Gentlemen  of  the  American  Rail^vay 
Engineering  and  Maintenance  of  Way  Association:  The  present  king 
of  England,  when  he  was  Prince  of  Wales,  had  for  his  motto  on  his 
escutcheon  two  simple  words,  "I  serve."  These  words  express  my 
attitude  in  accepting  the  responsibilities  of  the  honorable  place  to 
which  you  have  called  me  at  this  time.  Through  the  wise  counsel,  the 
good  judgment  and  sound  business  sense,  the  progressive  conservatism 
of  those  who  have  acted  in  executive  capacities  and  otherwise  for 
you,  your  Association  has  in  a  comparatively  short  period  become  an 
effective   force  in   railway   afifairs   in   this   country. 

If  I  am  able  Avith  the  co-operation  of  my  colleagues  on  the  Board 
of  Direction  during  the  next  twelve  months  to  so  handle  the  affairs 
of  the  Association  that  at  the  end  of  that  period  I  may  hand  over 
to  my  successor  the  charge  I  now  take  with  no  lessening  of  that 
effective  force,  I  shall  feel  I  have  not  served  you  in  vain.  I  thank  you 
for  the  honor.      [Applause.] 

The  President : — Unless  there  is  further  business  the  convention 
will  stand   adjourned. 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — I  have  a  matter  which  I 
wish   to   present. 
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The  President: — The  chair  had  adjourned  the  convention,  but  one 
of  the  members  asks  for  consideration. 

Mr.    Baldwin : — I    desire   to    offer   the    following    resolution : 

"Resolved,  That  the  thanks  of  the  Association  are  most  heartily 
and  cordially  extended  to  our  retiring  President,  Mr.  Howard  G.  Kelley, 
not  only  for  his  able  and  impartial  administration  of  the  office,  but 
also  for  the  example  he  has  given  of  untiring  perseverance  in  all  of 
the  work  he  has  undertaken  for  the  Association,  and  the  high  standard 
of  excellence  he  has  thereby  been  so   influential  in   establishing." 

The  President : — I  am  not  quite  sure  now  that  I  would  have  asked 
the  attention  for  a  few  minutes  longer  if  I  had  known  the  nature 
of  the  resolution  to  be  offered,  but  I  desire  to  thank  you,  gentlemen, 
sincerely  and  earnestly.  I  have  found  more  incentive  for  work,  for 
progress  and  for  advancement  in  the  meetings  and  in  the  correspond- 
ence between  the  members  of  this  Association  than  I  have  in  any 
other  one  force.  I  believe  that  most  of  the  members  will  join  me 
in  the  thought  that  the  Association  has  offered  to  them  a  means  of 
acquiring  information  that  is  afforded  by  no  other  association  and 
no  other  affiliation   which   they   may  have. 

Our  literature  is  now  standard,  I  can  safely  say,  throughout  the 
world — there  is  hardly  a  nation  that  does  not  possess  copies  of  our 
Association  records.  The  Institution  of  Civil  Engineers  of  London,  of 
which  I  have  the  honor  to  be  a  member,  has  received  a  copy  of  our 
reports  annually.  At  first  they  received  these  papers  with  a  formal 
"Thank  you,"  but  now,  if  I  forget  to  send  the  volume  for  a  short 
period  I  receive  a  personal  note  from  the  Secretary  saying :  "We  have 
not  received  the  published  Proceedings  of  your  Association ;  kindly  do 
not  forget  us.  Your  obedient  servant,  etc."  This  shows  there  is  a 
demand  for  our  Proceedings  among  the  members  of  the  oldest  insti- 
tution of  engineering  in  the  world,  and  that  alone  should  bring  before 
us  the  standing  of  this  Association.  This  result  has  been  brought 
about  by  the  unselfishness  and  the  personal  interest  which  our  mem- 
bers have  given  to  the  work.  It  is  not  alone  to  the  officers  of  the 
Association  that  credit  is  due — they  could  have  done  nothing  without 
the  earnest  and  loyal  co-operation  and  support  of  the  members.  I  did 
not  so  clearly  realize  this  when  I  was  a  member  on  the  floor  as  I 
did  when  I  became  an  official  of  this  organization,  and  in  retiring 
from  the  position  of  President  with  which  you  have  honored  me  for 
two  years  I  wish  to  say  that  my  interest  in  the  Association  shall 
always  continue,  that  my  services  shall  be  at  your  command  whenever 
T  am  called  upon,  to  the  limit  and  to  the  extent  of  my  ability. 

In    resigning   this   position    to   our    new    President,    M'r.    Johnston,    I 
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wish  to  say  that  his  co-operation  on  the  Board  of  Direction  for  the 
past  few  years  has  been  of  the  greatest  benefit  and  helpful  assistance. 
Whenever  any  really  important  subject  was  to  be  considered,  Mr. 
Johnston's  wise  conservatism  and  his  experience  have  helped  us  and 
aided  us  in  every  way,  and  I  feel  sure  when  the  next  annual  conven- 
tion comes  around  the  members  ,of  the  Association  will  have  cause 
to  congratulate  themselves  for  having  selected  so  able  a  President  as 
Mr.   Johnston.     I   thank   you,    gentlemen,   very    much.      [Applause.] 

(Mr.  Baldwin  called  for  a  rising  vote  on  his  resolution,  and  it 
carried  unanimously.) 

Mr.  W.  F.  Steffens  (South  &  Western)  :— The  Committee  on  Ar- 
rangements have  carefully  prepared  and  carried  out  their  plans  for 
this  meeting  most  successfully,  and  I  move  a  vote  of  thanks  in  their 
favor. 

(The   motion    was    carried    unanimously.) 

The  President: — The  convention  will  now  stand  adjourned  for  one 
year. 

The  next  annual  convention  will  be  held  at  Chicago,  Tuesday, 
Wednesday   and   Thursday,  March   17,  iS  and   19,   1908. 

E.   H.  Fritch^  Secretary. 


COMMITTEE 
REPORTS  AND   DISCUSSIONS 


REPORT  OF  COMMITTER  NO.  XII— ON  UNIFORM 
RULES,   ORGANIZATION.   TITLES,    ETC. 

To  the  Members  of  tlie  American  Railn'ay  Engineering  and  Maintenance 
of  Way  Association: 

Your  Committee  submits  as  its  amiual  report  a  revision  of  the  "Gen- 
eral Rules  Governing  Employes  of  the  Maintenance  of  Way  Department," 
adopted  in  1906,  with  additional  rules  governing  Supervisors  of  Track ; 
also,  a  series  of  rules  governing  Supervisors  of  Structures.  We  report 
progress  on  the  rules  governing  Supervisors  of  Signals,  and  suggest  that 
this  subject  be  reassigned  for  the  coming  year. 

It  has  not  seemed  advisable  for  your  Committee  to  formulate  specific 
rules  for  the  government  of  Supervisors  of  Track,  Structures,  etc.,  for  the 
reason  that  other  committees  of  the  Association  will  from  time  to  time 
m^ke  recommendations  as  to  the  manner  of  performing  certain  work ; 
therefore  only  general  rules  have  been  prepared  by  this  Committee. 

The  second  subject  assigned  by  the  Board  of  Direction,  as  to  the 
advisability  of  placing  "Water  Service"  under  a  separate  subdivision,  has 
been  carefully  considered,  and  the  conclusion  reached  that  it  would  be 
preferable  for  each  individual  road  to  determine  this  question  for  itself. 
In  cases  where  this  branch  of  the  service  is  under  a  separate  organization, 
the  general  rules  pertaining  to  Supervisors  of  Structures  can  be  made 
applicable  with  a  slight  modification. 

The  third  subject  assigned  by  the  Board  of  Direction — "consider  the 
possibility  of  a  general  form  of  contract  applicable  to  all  classes  of  rail- 
road work" — has  been  given  due  consideration  by  your  Committee.  We 
believe  it  to  be  advantageous  to  have  a  uniform  general  contract  form 
lor  all  contracts  entered  into  by  the  Engineering  Department  of  rail- 
roads; however,  your  Committee  respectfully  suggests  that  it  would 
more  properly  come  within  the  province  of  some  other  committee  of  the 
Association  to  prepare  such  general  contract  form, 
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GENERAL    RULES    FOR    THE    GOVERNMENT    OF    EMPLOYES 
OF  THE  MAINTENANCE  OF  WAY   DEPARTMENT. 

GENERAL   NOTICE. 

To  enter  or  remain  in  the  service  is  an  assurance  of  willingness  to 
obey  the  rules. 

Obedience  to  the  rules  is  essential  to  the  safety  of  passengers  and 
employes,  and  to  the  protection  of  property. 

The  service  demands  the  faithful,  intelligent  and  courteous  discharge 
of  duty. 

To  obtain  promotion.,  capacity  must  be  shown  for  greater  respon- 
sibility. 

Employes  in  accepting  employment  assume  its  risks. 

Employes  in  the  Maintenance  of  Way  Department  must  do  all  in 
iheir  power  to  prevent  accidents,  even  though  in  so  doing  they  may 
occasionally  have  to  perform  someone  else's  duty. 

GENERAL   RULES. 

(a)  The  Maintenance  of  Way  Department  on  each  division  is  in 
charge  of  .  . .  f':^.°  ^^«.'!^<^.'':^.^^:.^.^.^.'^!■°^^■.\..  ,  who  will  receive  instructions 
from  and  report  to  ...  .^[^o  !.e  filled  m  by  each  road.) 

(b)  The  work  of  the  Department  will  be  subdivided  under  the 
following  heads : 

Supervisors  of  Track. 

Supervisors  of  Structures. 

Supervisors  of  Signals. 

rules  governing  supervisors  of  track. 

*(i)  They  shall  report  to  and  receive  instructions  from  the....?..®, 
filled  in  by  each  road.) 

*(2)  They  shall  be  responsible  for  the  safe  condition  and  proper 
maintenance  of  track,  roadway,  right-of-way,  station  grounds  and  drive- 
ways. They  must  inform  themselves  of  the  condition  of  structures,  make 
temporary  repairs  of  such  defects  as  may  endanger  or  delay  the  move- 
ment of  trains ;  and  promptly  report  defective  condition  to } .?'. 


*(3)  They  must  frequently  pass  over  their  districts,  observe  the  con- 
dition of  track,  roadway,  right-of-way,  station  grounds  and  driveways, 
and  have  necessary  repairs  made  as  promptly  as  the  conditions   require. 


^Revised. 
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(4)  They  shall  employ,  in  the  discharge  of  their  work,  such  men 
as  are  necessary  for  carrying  out  the  duties  for  which  they  are  respon- 
sible. 

(5)  They  must  know  that  all  foremen  are  provided  with  all  rules, 
circulars,  forms,  and  special  instructions  pertaining  to  their  duties,  and 
that  they  fully  understand  and  compIV  with  the  same. 

(6)  They  must  see  that  all  foremen  are  familiar  with  the  rules  in 
regard  to  train  signals  and  flagging,  and  that  they  fully  understand  and 
comply  with  the  same. 

(7)  They  must  know  that  all  foremen  are  supplied  with  tools  and 
material  necessary  for  the  efficient  performance  of  their  duties,  and  must 
see  that  they  are  properly  cared  for  and  used. 

*(8)  They  shall  conform  to  the  prescribed  standards  and  plans  in 
the  execution  of  the  work  under  their  charge. 

(g)  They  shall  have  immediate  supervision  of  all  work  train  service 
for  the  maintenance  of  track  on  their  districts,  and  employ  such  service 

only  when  authorized  by  the \  .\  .?. ,  doing  work  by 

other  means  as   far  as  practicable  and   economical. 

(10)  They  shall  go  promptly  to  the  spot  with  the  force,  tools  and 
materials  necessary  to  effect  clearance  and  repairs  in  cases  of  obstruction 
or  damage  to  track  or  roadbed. 

(11)  They  shall  investigate  and  report  on  form  No all  acci- 
dents occurring  on  their  districts,  which  may  be  attributable  to  or  result 
in  damage  to  track,  roadbed  or  structures. 

(12)  They  shall  see  that  no  encroachment  upon  or  occupancy  of 
any  portion  of  the  company's  right-of-way  is  permitted,  except  by 
authority  of  the ^^?^.'f-.^. 

(13)  They  shall  not  permit  experimental  trials  of  appliances  or  de- 
vices not  standard  with  the  Company,  nor  give  out  information  of  the 
results  of  any  trial,  except  by  proper  authority. 

(14)  They  shall  keep  general  oversight  of  all  work  performed  on 
their  district  by  contractors  or  others  who  do  not  come  under  their 
direct  charge,  and  see  that  nothing  is  done  by  them  that  will  interfere 
with  the  safety  of  track  or  movement  of  trains. 

t(i5)  They  shall  see  that  all  openings  for  the  passage  of  water  and 
the  approaches  and  outlets  thereto  are  kept  free  from  brush,  driftwood,  etc. 

t(i6)  They  shall  see  that  the  vicinity  of  bridges  and  trestles  are 
cleared  of  all  combustible  matter,  such  as  chips,  bark,  dried  grass,  etc.; 


•Revised. 

tAdditions   to   1906  rules.     See  amendment,  p.  27, 
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and  that  bridge  seats,  tops  of  piers  and  bottom  chords  are  kept  cleaned  of 
cinders  and  dirt,  and  that  necessary  water  barrels  at  timber  bridges  and 
trestles  are  filled  with  water. 

RULES    GOVERNING   SUPERVISORS   OF   STRUCTURES. 

(i)     They   shall   report   to   and   receive   instructions    from    the 

(To  be  filled  in  by  each  road.) 

(2)  They  shall  be  responsible  for  the  safe  condition  and  proper 
maintenance  of  the  structures  on  their  districts.  They  must  inform  them- 
selves of  the  condition  of  structures,  make  temporary  repairs  of  such 
defects  as  may  endanger  or  delay  the  movement  of  trains,  and  promptly 
report  defective  condition  to . .'.  .^; 

(3)  They  shall  employ,  in  the  discharge  of  their  work,  such  men 
as  are  necessary  for  carrying  out  the  duties  for  which  they  are  respon- 
sible.   ■ 

(4)  They  must  know  that  all  foremen  are  provided  with  all  rules, 
circulars,  forms,  and  special  instructions  pertaining  to  their  duties  and 
that  they  fully  understand  and  comply  with  the  same. 

(5)  They  must  see  that  all  foremen  are  familiar  with  the  rules  in 
regard  to  train  signals  and  flagging,  and  that  they  fully  understand  and 
comply  with  the  same. 

(6)  They  must  know  that  all  foremen  are  supplied  with  tools  and 
material  necessary  for  the  efficient  performance  of  their  duties  and  must 
see  that  they  are  properly  cared  for  and  used. 

(7)  They  shall  conform  to  the  prescribed  standards  and  plans  in 
the  execution  of  the  work  under  their  charge. 

(8)  They  shall  have  immediate  supervision  of  all  work  train  service 
for   the   maintenance   of   structures    on   their   districts,   and   employ    such 

service  only  when  authorized  by  the .\  .^.' ,  doing 

work  by  other  means  as  far  as  practicable  and  economical. 

*(9)  They  will  go  promptly  to  the  spot  with  the  force,  tools  and 
materials  necessary  to  effect  clearance  and  repairs,  in  cases  of  obstruction 
or  damage  to  structures. 

(10)  They  must  make  frequent  inspections  of  all  structures  on  their 
districts  and  have  necessary  repairs  made  as  promptly  as  conditions 
require. 

*(ii)  They  shall  make  from  time  to  time  observations  of  the  flow 
of  water  of  the  various  streams  passing  under  the  track,  so  as  to  deter- 
mine whether  sufficient  waterway  is  provided  by  the  present  structure, 
and  tabulate  this  informaton  for  future  reference. 


♦See  amendment,  p.  2". 
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CONCLUSION. 

Your  Committee  recommends  the  approval  of  the  revised  Rules 
Governing  Supervisors  of  Track,  and  the  adoption  of  the  Rules  Gov- 
erning Supervisors  of  Structures. 

Respectfull}*  submitted, 

G.  H.  Webb,  Chief  Engineer,  Michigan  Central  Railroad,  Detroit,  Mich., 

Chairman. 
J.  H.  Abbott^  Bridge  Engineer,  Spokane  International  Railroad,  Spokane, 

Wash.,  Vice-Chairman. 
Robert  Bell,  Superintendent,   Pennsylvania  Railroad,  Buffalo,  N.  Y. 
J.  G.  Bloom,  Engineer  of  Maintenance,   Chicago,  Rock  Island  &  Pacific 

Railway,  Topeka,  Kan. 

E.  Buckingham,  General  Superintendent,  Oregon  Short  Line,  Salt  Lake, 

Utah. 
J.  B.  Dickson,  Chief  Engineer  Maintenance  of  Way,  Baltimore  &  Ohio 

Railroad  System,  Baltimore,  Md.' 
J.    W.    HiGGiNS,    Assistant   General    IManager,   Missouri    Pacific   Railway, 

St.  Louis,  Mo. 
R.  L.  Huntley,  Chief  Engineer,  Union  Pacific  Railroad,  Omaha,  Neb. 
C.  N.  Kalk,  Chief  Engineer,  Wisconsin  Central  Lines,  Milwaukee,  Wis. 

F.  L.    Nicholson,   Engineer  Maintenance  of  Way,   Norfolk  &  Southern 

Railroad,  Norfolk,  Va. 
J.   O.  Osgood,   Chief  Engineer,   Central   Railroad  of  New  Jersey,  Jersey 

City,  N.  J. 
E.    L.    Peckham,    Vice-President    and    General    Manager,    Denver,    Enid 
&  Gulf  Railway,  Blackwell,  Okla. 

Committee. 
AMENDMENTS. 

Amendments   to   rules   governing   Supervisors  of  Track: 

(15)  They  shall  see  that  all  openings  for  the  passage  of  water  and 
the  approaches  and  outlets  thereto  are  kept  free  from  brush,  driftwood 
and  other  obstructions. 

(16)  They  shall  see  that  the  vicinity  of  all  bridges  and  trestles  is 
cleared  of  all  combustible  matter,  such  as  chips,  bark,  dried  grass,  etc.; 
and  that  bridge  seats,  tops  of  piers  and  bottom  chords  arc  kept  cleaned 
of  cinders  and  dirt,  and  that  necessary  water  barrels  at  timber  bridges 
and  trestles  are  filled  with  water. 

Amendments  to   rules  governing    Supervisors   of   Structures: 

(9)     They  shall   go  promptly  to  the  spot  with  the  force,  tools   and 

materials  necessary  to  effect  clearance  and  repairs,  in  cases  of  obstruction 

or  damage  to  structures. 

(11)     They  shall,  in  period  of  flood,  observe  and  record  the  flow  of 

water  of  the  various  streams  passing  under  the  track,  and  report  to  the 

proper  officer  from  time  to  time  where  the  area  seems  insufficient, 


DISCUSSION. 

The  President : — The  report  of  the  Committee  on  Uniform  Rules 
will  be  presented  by  the  chairman  of  the  Committee,  Mr.  G.  H.  Webb, 
Chief   Engineer   of   the    Michigan    Central   Railroad. 

Mr.  G.  H.  Webb  (Michigan  Central)  :— The  General  Rules  for  the 
Government  of  Employes  of  the  Maintenance  of  Way  Department, 
adopted  last  year  by  the  Association,  have  been  revised.  Paragraphs 
that  have  been  materially  altered  are  indicated  by  asterisks.  Some  minor 
changes  have  been  made  in  several  of  the  other  rules,  consisting  only 
in  substituting  certain  words  to  make  them  uniform  with  other  clauses. 
The  rules  governing  Supervisors  of  Structures  are  submitted  for  the 
first  time,  and  your  approval  is  asked  on  them.  Your  Committee  invites 
suggestions  from  the  members  as  to  additional  rules  for  the  two  branches 
of  the  service,  and  these  suggestions  will  be  given  due  consideration 
by  the  Committee  in  its  future  work.  The  "General  Notice"  has  not 
been  altered. 

The  President: — The  members  will  find  the  report  of  the  Com- 
mittee on  Uniform  Rules  in  Bulletin  No.  82,  page  5.  In  explanation 
the  chair  will  say  that  under  the  heading,  "General  Rules,"  all  para- 
graphs, with  the  exception  of  those  marked  with  an  asterisk,  are 
identical  with  those  approved  last  year.  The  rules  marked  with  an 
asterisk  have  been  changed.  They  will  be  read  one  at  a  time  and 
discussion   upon   each   paragraph   as    read    will   be   in    order. 

Mr.  Webb: — Under  "Rules  Governing  Supervisors  of  Track,"  para- 
graph I  has  been  changed  from  the  former  wording  to  read  as  follows : 
"They  shall  report  to  and  receive  instruction  from  the  " 

The  President: — If  there  is  no  objection,  these  changes  will  be 
approved  as   read. 

Mr.  Webb: — Paragraph  2  reads:  "They  shall  be  responsible  for 
the  safe  condition  and  proper  maintenance  of  track,  roadway,  right-of- 
way,  station  grounds  and  driveways.  They  must  inform  themselves 
of  the  condition  of  structures,  make  temporary  repairs  of  such  defects 
as  may  endanger  or  delay  the  movement  of  trains ;  and  promptly  report 
defective   condition    to    " 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — In  rule  2  I  would 
suggest  a  change  in  the  verbiage,  "they  shall  be  responsible."  In  several 
of  the  rules  the  word  "must"  is  used,  and  I  would  move  that  this  rule 
read   "they  are   responsible"   instead   of   "they   shall   be    responsible." 

The  President : — Is  there  a  second  to  the  motion  ?  The  motion  not 
being  seconded,   there   is   no   motion   before   the   convention.     Any    other 
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discussion  upon  this  point?  There  being  no  objection,  the  rule  will 
stand  as  read. 

Mr.  \\^ebb : — Paragraph  3  reads :  "They  must  frequently  pass  over 
their  districts,  observe  the  condition  of  track,  roadway,  right-of-way, 
station  grounds  and  driveways,  and  have  necessary  repairs  made  as 
promptly  as  the  conditions  require." 

The  President : — If  there  is  no  objection,  the  rule  will  stand  as  read. 

Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Eric)  :— Would  it  not 
be  interesting  to  the  members  to  know  just  how  these  three  paragraphs 
read  before?  The  Committee  has  made  some  addition  or  change.  Per- 
sonally I  do  not  remember  what  the  former  wording  was,  and  the 
Committee  evidently  had  some  reason  for  making  this  change.  Would 
it  not  be  in  the  interest  of  clearness  to  explain  just  what  the  changes 
are? 

Mr.  Webb : — The  changes  made  in  the  three  first  paragraphs  from 
the  version  adopted  last  year  consist  in  substituting  the  word  "they" 
for  "Superyisors  of  Track,"  for  the  reason  that  it  was  considered 
unnecessary  to  repeat  the  title  in  each  paragraph  inasmuch  as  the  head- 
ing of  the  rules  reads,  "Supervisors  of  Track."  The  duties  of  Super- 
visors of  Track  are  given  in  more  detail  in  the  present  wording  than 
was  the  case  in  the  rules  adopted  last  year.  Otherwise  the  rules  are 
identical  with  the  former  version. 

The  President : — If  there  is  no  other  objection  to  the  rules  as  read,  they 
will  stand  approved.     The  chairman  will  proceed  to  the  next  paragraph. 

Mr.  Webb: — We  have  changed  paragraph  8  to  read:  "They  shall 
conform  to  the  prescribed  standards  and  plans  in  the  execution  of  the 
work  under  their   charge." 

The  President: — If  there  is  no  objection,  the  rule  will  stand  as  read. 

Mr.  Webb: — Paragraphs  15  and  16  are  new.     They  read  as  follows: 

"(15)  They  shall  see  that  all  openings  for  the  passage  of  water 
and  their  approaches  and  outlets  are  kept  free  from  brush,  driftwood,  etc. 

"(16)  They  shall  see  that  the  vicinity  of  bridges  and  trestles 
are  kept  cleared  of  all  combustible  matter,  such  as  chips,  bark,  dried 
grass,  etc. ;  and  that  bridge  seats,  tops  of  piers  and  bottom  chords  are 
kept  cleaned  of  cinders  and  dirt,  and  that  necessary  water  barrels  at 
timber  bridges   and   trestles   are  filled  with   water." 

The  President: — If  there  is  no  objection,  paragraphs  15  and  16 
will  stand  as  read. 

Mr.  D.  W.  Lum  (Southern  Railway)  : — Would  it  not  be  well  at 
this  point,  unless  it  is  covered  elsewhere,  to  state  that  Supervisors  shall 
make  sure  that  the  openings  are  adequate;  that  is,  large  enough? 

Mr.  Webb : — We  provide  for  that  under  "Supervisors  of  Structures." 
We  require  them  to  make  frequent  observations  as  to  the  adequacy 
of  the  present  structure  and  furnish  that  information  to  the  Bridge 
Engineer  from  time  to  time,  so  that  in  designing  other  structures  for 
the   same  locality,   it   can   be   provided    for. 
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M'r.  J.  P.  Snow  (Boston  &  Maine)  : — In  connection  with  these 
instructions  lo  the  trackmen,  I  Avould  Hkc  to  refer  to  Bulletin  No.  8i, 
pp.  6  and  7,  where  a  few  instructions  to  trackmen  covering  this  very 
feature  are  given.  Other  railroads  than  those  noted  have  instructions 
similar,  which,  perhaps,  are  preferable  to  these.  It  is  a  matter  which 
comes  partly  into  the  field  of  the  Committee  on  Iron  and  Steel  Struc- 
tures, of  which  I  am  a  member,  and  I  would  like  to  see  these  rules 
for  Supervisors  of  Track  satisfactory  to  our  Committee,  so  that  we  can 
copy  them  as  part  of  our  recommendations  in  regard  to  the  mainte- 
nance of  different  structures.  I  have  not  studied  this  report  carefully 
enough  to  see  whether  those  matters  are  covered  or  not.  In  addition 
to  these  rules  in  Bulletin  No.  81,  our  Conmiittee  has  received  a  set  of 
rule^  from  the  Pennsylvania  Lines  West  of  Pittsburg,  which  are  very 
good.  Mr.  Cushing,  I  see,  is  here,  and  I  would  like  to  have  him  say 
what  he  thinks  of  incorporating  or  asking  this  Committee  to  consider 
the    incorporation    of    something    similar    to    what    his    lines    prescribe. 

The  President : — Is  Mr.  Cushing  present  ? 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — Yes,  but  I  have  not 
in  mind  just  now  what  Mr.  Snow  wishes  me  to  say.  I  gave  it  to  hini 
in  writing.     Perhaps  he  could  better  state  what  it  is. 

Mr.  Snow : — I  have  the  communication  which  he  sent  mc  in  my  room, 
and  therefore  am  unable  to  refer  to  it  now.  It  relates  to  the  rules 
issued  to  Supervisors  of  Track,  or  Roadmasters,  instructing  the  track- 
men to  make  daily  inspection  of  the  structures,  bridges,  culverts,  etc.,  as 
they  pass  over  the  line  inspecting  their  track,  and  contains,  it  seems 
to  me,   a   very   good    set   of   rules   governing   their   action   in   this    matter. 

Mr.  Cushing: — I  have  a  copy  of  the  rules  here.  I  am  not  now 
positive  just  what  ones  I  gave  Mr.  Snow,  but  I  think  they  were  probably 
the  following: 

"After  each  heavy  rain,  and  at  least  once  each  month,  about  the 
last  working  day,  all  bridges,  pipes  and  other  culverts  must  be  examined 
carefully  to  see  that  they  are  not  obstructed  by  grit,  weeds,  brush,  or 
anything  that  will  interfere  with  the  proper  flow  of  the  water  or  safety 
of  the  structure,  and  if  any  obstruction  is  found,  it  must  be  removed 
at    once. 

"All  bridge  foundations  under  water  must  be  examined  to  see  that 
they  are  not  being  undermined." 

Are  those  the  ones  you   have  in   mind  ? 

Mr.   Snow  : — I  think  so. 

Mr.  Cushing; — There  are  a  number  of  them.  Do  the  members  wish 
me  to  read  them  now  or  to  present  them  in  some  other  way? 

Mr.  Snow : — I  think  that  it  is  not  necessary,  probably,  to  take  the 
time  of  the  convention  to  read  them  now,  and  I  do  not  care  to  make 
any  motion  in  the  matter,  but  would  like  to  ask  the  Committee  if  they 
have  considered  these  rules  issued  by  the  various  railroads  in  the  making 
up  of  this  report?     All  we  can  "do  is  to  ask  tliem  to  select  from  these 
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various  sets  of  rules  what  they  think  is  proper  for  their  report.  I 
thought  that  2\Ir.  Cushing's  schedule  was  a  very  good  one,  and  would 
like  to  ask  the  Committee  if  they  considered  that  one,  in  particular,  in 
making  up  their  report? 

Mr.  Webb : — These  rules  are  a  compilation,  more  or  less,  of  the 
rules  of  the  different  roads.  We  had  books  of  rules  from  many  roads 
and  studied  them  pretty  carefully,  picking  out  the  good  features  of  all 
of  them.  The  rules  are  in  the  nature  of  a  composite,  one  might  say. 
Of  course,  we  considered  that  there  is  a  certain  limit  to  the  trackman's 
ability  to  inspect  these  bridges,  and  we  endeavored  to  put  into  these 
rules  as  much  as  we  could  reasonably  expect  him  to  do  daily,  or 
weekly,  or  at  any  time  it  became  necessary  to  do  it. 

The  President : — The  chairman  of  the  Committee  desires  to  say 
that  the  Committee  will  take  pleasure  during  the  coming  year  in  con- 
sidering the  rules  of  any  company  which  may  be  sent  them,  which  they 
have  not  already  had,  and  that  any  suggestions  by  letter  to  them  will 
receive  their  very  careful  consideration. 

Mr.  Cushing: — This  Bulletin  was  received  too  late  to  offer  any 
discussion  on  it,  and  therefore  no  discussion  was  offered  by  me  in 
writing  with  respect  to  the  rules  presented  by  this  Committee.  It  seems 
that  the  question  was  also  handled  by  the  Committee  on  Iron  and  Steel 
Structures,  and  the  criticism  referred  to  w^as  sent  to  that  Committee. 
The  two  committees  appear  to  be   working  on  the  same  lines. 

The  President : — Do  I  infer  from  what  you  have  said  that  you 
desire  to  suggest  a  conference  between  the  two  committees  on  the 
subject  of  these  rules? 

Mr.  Cushing: — I  was  explaining  w^hy  I  had  not  said  anything  about 
the  subject,  with  respect  to  the  work  of  this  Committee.  When  we  have 
more  time  to  consider  these  rules  in  the  way  of  discussion,  we  can 
give  this   information   to   the   Committee. 

The   President:- — Are  there  any   further  remarks  upon  this   subject? 

Mr.  Duncan  MacPherson  (Transcontinental  Railway)  : — Is  there  not 
a  slight  error  in  the  paragraph  i6,  where  it  reads,  "They  shall  see 
that  the  vicinity  of  bridges  and  trestles  are  cleared  of  all  combustible 
matter,  such  as  chips,  bark,  dried  grass,  etc."  Should  it  not  be  changed 
to  "is  cleared?" 

The  President : — The  Committee  will  take  cognizance  of  the  sug- 
gestion and  correct  the  rule.  Are  there  any  suggestions  from  the  mem- 
bers  for   additional   rules   at  this  time? 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — I 
ask  the  Committee  to  consider  the  advisability  of  either  changing  one 
of  the  rules  presented,  or  adding  another  one  to  the  effect  that  it 
shall  be  the  duty  of  the  Supervisor  of  Track  to  look  after  swinging 
ties  at  the  ends  of  bridges.  I  would  also  suggest  that  the  point  made 
by  Mr.  Snow  a  few  moments  ago,  I  think,  is  fully  covered  in  the 
instructions  to  Supervisors  of  Structures.     As  I  understand  it,  the  Com- 
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niittee  has  defined  tlie  relation  of  the  trackmen  to  these  rules,  and  it 
seems  they  have  covered  the  groimd. 

M'r.    Wendt : — I    would    ofifer    a    suggestion    in    regard    to    paragraph 

15.  It  seems  that  the  sentence  should  not  end  with  "etc."  It  leaves 
something  indefinite  in  the  mind  of  the  Supervisor,  and  I  would  suggest, 
if  the  Committee  will  accept  it  without  a  motion,  the  elimination  of 
the   "etc.,"   and   substitution   of   the   words    "and   other    obstruction." 

■  The  President : — The  Committee  will  accept  that  suggestion  and 
correct  the  rule. 

Mr.  C.  H.  Cartlidgc  (Chicago,  Burlington  &  Quincy)  : — I  want  to 
second  Mr.  McDonald's  suggestion  about  looking  after  the  swinging 
ties  in  bridges.  I  think  that  is  a  point  well  worth  taking  up,  and  ought 
to   be   incorporated    in    the    rules. 

Mr.  Webb : — We  considered  that  as  being  a  part  of  the  duties  of 
section  foremen,  and  that  later  it  would  be  incorporated  in  the  instruc- 
tions to  the  section  foremen.  The  Supervisor  is  supposed  to  see  that 
the   section    foremen   carry    them    out. 

The  President :— Mr.  McDonald,  did  you  intend  your  suggestion  as  a 
motion  ? 

Mr.  McDonald : — I  do  not  know  that  I  put  it  in  the  form  of  a 
motion;  perhaps  I  should  have  done  so.  I  simply  asked  the  Committee 
to  consider  the  advisability  of  formulating  a  rule  to  the  effect  that 
Supervisors  of  Track  are  responsible  for  the  condition  of  the  track 
up  to  the  ends  of  the  bridges ;  in  other  words,  it  is  their  duty  to  keep 
up  the  ties  at  the  ends  of  bridges  and  prevent  the  jarring  of  trains 
going  on  them. 

The  President : — There  is  no  motion  before  the  house  to  be  sec- 
onded; and  the  Committee  advises  that  they  will  accept  the  suggestion 
and  incorporate  it  in  the  report. 

M'r.   McDonald : — That   is   acceptable   to    me. 

The  President: — Is  it  acceptable  to  Mr.  Cartlidgc? 

Mr.  Cartlidgc : — It  is  acceptable  to  me. 

Mr.  A.  J.  Himes   (New  York,  Chicago  &  St.  Louis)  : — In  paragraph 

16,  I  call  attention  to  the  use  of  the  word  "are"  at  the  end  of  the  line. 
"Is"  would  be  better  grammar. 

The  President : — That  is  the  same  suggestion  that  Mr.  MacPherson 
brought  up,  and  the  Committee  will  change  the  wording.  If  there  are 
no  other  suggestions  on  the  rules  governing  Supervisors  of  Track,  we 
will  take  up  consideration  of  the  rules  governing  Supervisors  of  Struc- 
tures. All  these  rules  are  new  and  have  not  previously  received  the 
attention  of  the  Association.  The  chairman  will  read  the  rules,  and  if 
there  are  no  objections,  they   will  be  considered  approved. 

Mr.  Webb : — Rule  i  reads  as  follows :  "They  shall  report  to  and 
receive  instructions  from  the  

"(2)  They  shall  be  responsible  for  the  safe  condition  and  proper 
maintenance    of    the    structures    on    their    districts.     They    must    inform 
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Ihemselves  of  the  condition  of  structures,  make  temporary  repairs  of 
such  defects  as  may  endanger  or  delay  the  movement  of  trains,  and 
promptly  report  condition  to   

"(3)  They  shall  employ,  in  the  discharge  of  their  work,  such  men 
as  are  necessary  for  carrying  out  the  duties  for  which  they  are  re- 
sponsible. 

'■(4)  They  must  know  that  alNforemen  are  provided  with  all  rules, 
circulars,  forms,  and  special  instructions  pertaining  to  their  duties  and 
that   they   fully   understand   and   comply   w^ith   the   same. 

"(5)  They  must  sec  that  all  foremen  are  familiar  with  the  rules 
in  regard  to  train  signals  and  flagging,  and  that  they  fully  understand 
and  comply  with  the   same." 

The  President : — Attention  has  been  called  to  the  alternate  use  of 
the  words  "must"  and  "shall"  throughout  the  rules.  It  might  be  well 
for  the  chairman  of  the  Committee  to  state  the  reasons  for  the  variation. 

Mr.  Webb : — We  use  these  words  intentionally,  because  where  we 
want  to  emphasize  a  rule,  we  say  "must."  We  thought  it  would  gradu- 
ate it  off  in  a  way ;  in  the  case  of  the  most  important  rules  we  use  the 
word  "must,"  but  so  far  as  my  knowledge  of  the  English  language 
goes,  they  mean  about  the  same  thing.  We  thought  we  could  emphasize 
the  rules,  upon  which  it  is  necessary  to  place  special  emphasis,  by 
using   the    word    "must."     That    was    our    object    in    doing    it. 

The  President: — If  there  are  no  objections  to  the  rules  as  read,  they 
will   stand  approved. 

IMr.  Webb :- — Rule  6  reads  :  "They  must  know  that  all  foremen  are 
supplied  with  tools  and  material  necessary  for  the  efficient  performance 
of  theic  duties,  and  must  see  that  they  are  properly  cared  for  and  used. 

"(7)  They  shall  conform  to  the  prescribed  standards  and  plans  in 
the   execution   of    the    work    under    their    charge. 

"(8)  They  shall  have  immediate  supervision  of  all  work  train 
service   for  the   maintenance  of   structures    on   their   district,   and   employ 

such  service  only  when  authorized  by  the   ,  doing  work  by  other 

means   as    far   as   practicable   and    economical." 

Mr.  Lum: — Would  it  be  permissible  to  return  to  paragraph  2,  or,  if 
not,  perhaps  it  would  be  well  to  call  attention  to  the  fact  that  the 
prime  heading  of  these  rules  is  "General  Rules  for  the  Government  of 
Employes  of  the  ]\Iaintenance  of  Way  Department."  As  I  understand 
it,  these  rules  do  not  apply  simply  to  track  structures,  but  to  all  struc- 
tures in  the  Maintenance  of  Way  Department.  If  that  is  the  case,  the 
duties  of  the  Supervisor  have  not  been  sufficiently  extended  in  paragraph 
2.  A  part  of  the  paragraph  reads,  "They  must  inform  themselves  of 
the  condition  of  structures,  make  temporary  repairs  of  such  defects 
as  may  endanger  or  delay  the  movement  of  trains,  etc."  There  may 
be  houses,  buildings  or  highway  bridges  that  are  dangerous,  or  de- 
fective, and  require  attention,  and  these  items  do  not  seem  to  be  covered 
by    these    rules.     They    may,    however,    be    covered    later    on.     In    other 
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words,  the  Supervisors  of  Structures,  as  their  duties  run,  do  not  pay 
attention  solely  to  the  track  structures,  but  also  include  other  structures 
on  the  line. 

Mr.  Webb : — The  first  sentence  in  the  paragraph,  I  should  think, 
covered  that.  The  reason  we  put  in  the  second  sentence  was  that  they 
would  inspect  and  observe  buildings — which  might  or  might  not  belong 
to  the  company — very  close  to  a  sidetrack,  perhaps  bulging  out,  or 
something  of  that  kind,  and  which  would  be  dangerous  to  the 
movement  of  trains  and  to  the  employes  in  performing  their  duties. 
I  think  the  first  sentence  in  the  paragraph,  "they  shall  be  responsible 
for  the  safe  condition  and  proper  maintenance  of  the  structures  on  their 
districts,"  fully  covers  the  point  which  has  been  raised,  no  matter 
whether  these  structures  are  a  half  mile  from  the  track  or  not,  as  long 
as  they  are  included  in  the  district  of  the  Supervisor. 

The   President : — Are  there   any  further   remarks   upon   these   rules  ? 

Mr.  Webb : — Rule  9  reads :  "They  will  go  promptly  to  the  spot  with 
the  force,  tools  and  material  necessary  to  effect  clearance  and  repairs 
in  cases    of   obstruction   or   damage   to   structures. 

"(10)  They  must  make  frequent  inspection  of  all  structures  on 
their  districts  and  have  necessary  repairs  made  as  promptly  as  conditions 
require. 

"(11)  Thfv  shall  make  from  time  to  time  observations  of  the  flow 
of  water  of  the  various  streams  passing  under  the  track,  so  as  to  deter- 
mine whether  sufficient  waterway  is  provided  by  the  present  structure, 
and   tabulate    this    information    for   future    reference." 

The  President: — The  chairman  of  the  Committee  states  that  this 
is  not  necessarily  the  end  of  the  rules  for  Supervisors  of  Structures. 
but  that  more  may  be  added  in  the  future. 

Mr.  G.  H.  Tinker  (New  York,  Chicago  &  St.  Louis)  : — In  paragraph 
9,  would  not  the  word  "shall"  be  better  than  the  word  "will?" 

The  President: — The  Committee  accepts  the  suggestion. 

Mr.  John  V.  Hanna  (Kansas  City  Terminal)  : — I  would  suggest 
going  a  little  bit  further  with  rule  11.  I  do  not  care  to  offer  a  motion; 
I  simply  suggest  that  while  the  Committee  is  working  over  these  rules, 
that  there  be  some  provision  made  for  forwarding  reports  of  the  flow 
of  water,  excessive  floods,  etc.,  to  the  office  of  record — Chief  Engineer's 
office,  or  to  the  Engineer  of  Maintenance  of  Way,  as  the  case  may  be. 
I  simply  offer  that  as  a  suggestion. 

The  President: — The  chairman  of  the  Committee  says  that  in  their 
subsequent  rules  they  will  endeavor  to  provide  for  that  feature ;  that 
they  felt  that  they  had  not  gone  into  the  subject  completely  enough 
at  this  time  to  cover  all  details.  Has  Mr.  Baldwin,  of  the  Illinois 
Central,  any  remarks  to  make  on  the  subject  of  these  general   rules? 

Mr.  A.  S.  Baldwin  (Illinois  Central)  :• — The  Illinois  Central  has 
published  a  set   of   rules,  or   rather   a  set  of   rules    is   just   about   to   be 
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published,  bearing  on  this  general  subject.  Unfortunately,  I  have  not 
gone  into  the  rules  under  discussion  sufficiently  to  make  any  comments. 

Mr.  Wendt : — Rule  3  authorizes  Supervisors  of  Structures  to  employ 
such  men  as  are  necessary  to  carry  out  the  duties  for  which  the 
Supervisors  of  Structures  are  responsible.  I  think  all  well-organized 
railroads  limit  the  Supervisor  as  to  his  discretion  in  this  respect.  After 
the  word  "work,"  should  be  added'  "subject  to  the  approval  of  their 
superior  officers."     I  make  that  as  a  suggestion  to  the  Committee. 

Mr.  Webb: — I  think  the  superior  officer  will  regulate  that.  That 
rule  will  enable  the  Supervisor  of  Structures,  in  a  case  of  emergency, 
to  employ  enough  men  to  take  care  of  the  matter  promptly ;  that  is  more 
the  idea.  Of  course,  we  know  that  in  the  maintenance  of  track  and 
the  department  dealing  with  the  supervision  of  structures,  etc.,  there 
are  a  certain  number  of  men  allowed  in  each  gang,  and  that  some 
gangs  are  larger  than  others,  necessarily  so.  We  rather  felt  as  though 
it  would  be  more  in  the  line  of  the  duties  of  the  Division  Engineer 
to  notify  the  Supervisor  of  Structures  how  many  men  to  obtain. 

The  conclusion  of  the  Committee  is  as  follows:  "Your  Committee 
recommends  the  approval  of  the  revised  Rules  Governing  Supervisors 
of  Track,  and  the  adoption  of  the  Rules  Governing  Supervisors  of 
Structures." 

The  President : — The  acceptance  of  the  conclusion  by  the  convention 
will  authorize  its  publication  in  the  Proceedings  and  also  in  the  Manual 
of  Recommended  Practice,  under  the  rules.  It  would  be  well,  therefore, 
to  take  a  formal  vote  on  that  subject,  if  someone  will  make  a  motion. 

Mr.  McDonald: — I  think  paragraph  11,  in  the  rules  governing  Super- 
visors of  Structures,  undertakes  to  delegate  to  that  official  duties  which, 
as  a  general  thing,  he  is  not  prepared  to  carry  out,  and  I  move  that 
paragraph  11  be  changed  to  read  as  follows:  "They  shall,  in  time  of 
flood,  observe  the  flow  of  water  of  the  various  streams  passing  under 
the  track  and  report  to  the  proper  officer  all  cases  where  the  area 
provided  seems  insufficient."  That  is  in  line  with  the  remarks  of  Mr. 
Hanna,  that  they  must  give  this  information  as  a  matter  of  record, 
which  shall  be  considered  by  someone  capable  of  passing  on  such  matters. 

Mr.  Webb: — We  discussed  that  question  to  a  certain  extent  in  Com- 
mittee. What  we  endeavored  to  set  forth  was  that  Bridge  Engineers, 
Supervisors  in  charge  of  structures,  etc.,  very  frequently  depend  on 
an  old  section  foreman,  division  foreman  of  structures  or  bridges  for 
such  information,  and  what  the  Committee  wanted  to  do  was  to  have 
the  Supervisor  of  Structures  keep  this  data  from  time  to  time.  Occa- 
sionally we  have  high  water,  and  at  other  times  it  is  a  little  higher 
or  a  little  lower,  and  we  wanted  the  men  to  make  these  observations 
and  keep  a  record  of  them,  and  periodically — every  month  or  six  months 
^send  the  information  in  to  headquarters,  to  have  it  recorded,  so  that 
it  would  be  available. 

Mr.   Ole  Davidson    (Chicago  &   Great   Western)  : — I   think   it   would 
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be  well  to  include  the  observation  of  all  structures,  whether  the  area 
has  the  appearance  of  being  too  small  or  not. 

Mr.  McDonald  : — In  support  of  my  contention  on  this  point,  I  want 
to  say  that  the  process  of  making  observations  is  one  that  generally 
is  supposed  to  be  done  by  an  engineer,  not  only  to  observe  the  height 
of  the  water,  but  the  velocity  of  it,  and  I  make  the  point  that  the  men 
who  are  in  the  field  are  not  always  qualified  to  conform  to  the  letter 
of  this  rule;  that  what  we  want  is  for  them  simply  to  observe  the 
facts.  It  is  only  necessary  to  make  observations  during  periods  of 
extreme  high  water ;  place  a  board  on  a  pile  to  indicate  the  height 
of  the  water,  or  make  other  permanent  marks,  so  that  when  the  Divi- 
sion Engineer  comes  along  he  can  know  definitely  that  the  water  reached 
that  point.  It  is  not  that  this  man  shall  make  these  observations  and 
keep  them  in  his  book  only,  but  that  the  information  shall  reach  head- 
quarters and  be  recorded  there. 

(The  motion  was  carried.) 

The  President: — We  will  now  take  a  vote  upon  the  general  con- 
clusion. 

Mr.  McDonald : — I  understand  that  the  amendment  I  proposed  was 
carried  ? 

The  President : — Yes. 

Mr.    McDonald: — Am    I   at    liberty   to    amend   that    further? 

The  President : — Yes,  sir. 

Mr.  McDonald : — I  want  to  amend  it  to  read  as  follows :  "They 
shall,  in  time  of  flood,  observe  and  mark  the  height  of  water  in  the 
various  streams  passing  under  the  track,  and  report  to  the  proper  officer 
all  cases  where  the  waterway  provided   seems  insufficient." 

The  President: — Is  that  to  take  the  place  of  the  one  just  adopted,  or 
an  addition  to  it? 

Mr.  McDonald : — Simply  strike  out  the  words  "from  time  to  time" 
and  make  it  read  "in  time  of  flood."  Perhaps  that  language  can  be 
improved  upon. 

The  President: — Is  there  any  objection  to  that  amendment?  Is 
the  amendment  seconded? 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — Do  you  mean  that  they 
shall  record  such  information  for  future  reference?  I  think  that  should 
be   added. 

Mr.  McDonald: — Yes,  sir. 

Mr.  Berg: — And  also  have  it  correctly  recorded? 

The  President: — I  understand,  Mr.  McDonald,  that  j'our  motion 
will  include  that  sentence,  "and  record  the  information  for  future 
reference?" 

Mr.  McDonald : — I  take  it  that  it  would  be  tiie  duty  of  the  proper 
officer  to  whom  it  is  reported  to  record  it.  It  is  the  duty  of  the  man 
in  the  field  to  report  it ;    that  is  all.     I  desire  to  amend  that  still  further 
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by  striking  out  the  words  "from  time  to  time"  and  substituting  the 
words,  "in  period  of  flood." 

Mr.  MacPherson :— Would  there  not  be  practical  difficulty  in  the 
way  of  the  Supervisor  of  Structures  or  his  staff  getting  the  necessary 
data  of  structures  in  high  water?  This  officer  generally  does  not  have 
a  very  large  stafif,  and  high  water  comes  very  quickly.  Could  he  get 
around  to  it?  I  inaugurated  a  system  on  the  Canadian  Pacific  Railway 
some  years  ago  of  sending  out  each,  year  instructions  for  a  definite 
mark  to  be  put  on  all  structures,  both  at  the  upper  and  lower  end,  to 
see  w^hether  they  did  dam  back  the  waters  or  not,  and  to  what  extent. 
I  gave  instructions  for  this  to  be  done  by  the  section  foreman.  They 
only  had  each  a  short  territory  to  cover,  and  they  could  cover  it  during 
high  water.  Any  structures  that  seemed  to  require  it  were  looked 
into  by  the  Engineering  Department.  I  think  if  it  is  left  to  the  Super- 
visor of  Structures,  he  will  not  be  able  to  cover  his  territory  in  time 
to   get  accurate  information. 

Mr.  Ewing: — I  think  Mr.  McDonald's  original  motion  should  stand. 
I  have  in  mind  now  cases  of  cloudburst  covering  a  particular  district 
which  affect  the  flow  through  culverts  when  general  floods  have  not 
existed.     I  think  his  original  motion  would  cover  the  provision. 

^Ir.  McDonald : — I  withdraw  the  amendment. 

The  President : — Does  the  second  agree  to  the  withdrawal  of  the 
amendment  ? 

I\Ir.  W.  'M.  Camp  (Railway  and  Engineering  Review): — No;  to 
make  observations  "from  time  to  time"  may  mean  any  time.  What  is 
wanted  is  "observation  at  time  of  flood."  I  do  not  see  why  it  should 
be   withdrawn. 

Mr.  J.  B.  Jenkins  (Baltimore  &  Ohio)  : — I  think  that  the  report 
should  cover  all  structures  instead  of  those  which  are  insufficient,  for 
the  reason  that  when  railroads  are  first  built  we  often  have  insufficient 
data  as  to  the  flow  of  the  streams  and  very  frequently  spend  too  much 
money  on  the  first  structure.  Afterward,  when  we  wish  to  replace 
them  and  economize  by  building  structures  of  the  proper  size,  we 
should  have  full  information.  I  would  like  to  make  an  amendment 
that,  instead  of  it  reading  "structures  of  insufficient  size,"  it  read,  "all 
structures,"  as  the  Committee  originally  had  it. 

The    President: — Is   the    motion    seconded? 

(The  motion   was   seconded.) 

The  President : — This  is  an  amendment  to  an  amendment.  Any 
discussion? 

Mr.  McDonald : — I  ask  that  the  motion  be  stated  again. 

The  President : — Please  read  the  entire  amendment. 

Mr.  Jenkins : — I  do  not  remember  the  exact  reading  of  the  amend- 
ment as  it  was  passed,  but  in  the  original  rules  the  Committee  used 
the  words  "present  structures,"  and  I  think  in  the  last  amendment  as 
passed  it  read  "structures  which  arc  insufficient,"  or  some  such  wording 
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as  that,  and  my  wish  is  to  have  all  structures  included,  so  as  to  find 
out  which  structures  are  too  large,  as  well  as  those  which  are  too  small. 

The  President: — Your  amendment  means  to  insert  the  words,  "all 
structures"   instead  of  "such  structures   as   are   insufficient?" 

Mr.  Jenkins  : — Yes,  sir. 

The  President: — Is   that  clear,   Mr.    McDonald? 

Mr.  Tinker : — If  you  will  leave  the  amendment  as  it  is,  you  will 
have  something  of  value.  Mr.  McDonald's  motion,  as  I  recall  it,  stated 
the  Supervisor  should  report  such  structures  as  seemed  to  have  insuffi- 
cient area.    The   amendment   means   to  include   all   structures. 

Mr.  McDonald : — It  might  be  improved  upon  by  saying,  "where  the 
area    provided    seems    insufficient,    or    too    great." 

Mr.  Jenkins : — That  a  record  should  be  kept  of  high  water  at  all 
structures  for  use  at  such  time  as  the  structure  may  be  replaced,  so 
as  not  to  permit  the  mistake  of  spending  two  or  three  times  as  much 
money  as  necessary  when  replacing  the  structure:  that  a  record  be 
kept  of  all   structures,  instead  of  those  which   are  too  small. 

The  President: — It  might  make  it  more  clear  if  you  will  get  from 
Mr.  McDonald  the  original  wording  and  change  it  as  you  have  it  in 
mind.  As  it  stands  now,  the  members  might  possibly  vote  on  a  sentence 
the  construction  or  meaning  of  which  they  do  not  understand. 

Mr.  Jenkins : — If  I  have  the  correct  wording  here,  my  amendment 
seems  unnecessary.  As  I  understand  it,  it  is  something  like  this :  "They 
shall,  in  period  of  flood,  observe  the  flow  of  water  of  the  various 
streams  passing  under  the  track  and  report  to  the  proper  officer  from 
time  to  time  where  the  area  seems  to  be  insufficient."  If  there  were 
some  provision  for  recording  as  well  as  observing  the  flow  of  streams,  I 
would  be   satisfied.     I   think  that  will  cover  it  quite   fully. 

The  President : — There  is  a  definite  motion  before  the  house.  Unless 
you  desire  to  correct  it,  with  the  consent  of  your  second,  the  motion 
will  be  put. 

Mr.  Jenkins : — I  will  ask  leave  to  change  my  motion  to  read,  "ob- 
serve and   record" — insert  the   words,   "and   record." 

The  President: — After  the  word  "obsei've"  you  wish  to  insert  the 
words   in   the   amendment   "and   record?" 

Mr.  Jenkins  : — Yes,  sir. 

The  President: — Does  your  second   agree  to  that? 

(The    amendment    was    consented    to    by    the    second.) 

The  President : — The  motion  changing  the  amendment  having  been 
agreed   to  by   the   second,    I    will   put   the   question. 

(The  amendment  carried.) 

The   President : — Are  you  now   ready  for  action  on  the  conclusion  ? 

Mr.  Hanna : — Before  we  get  away  from  that  rule  on  observing  and 
reporting  floods,  I  wish  to  say  that  I  think  the  Supervisor  of  Ttack 
should  do  the  same  thing.  It  is  quite  as  important  that  he  should 
report  flood  heights  as  the  Supervisor  of  Structures.     His   opportunities 
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and  the  opportunities  of  the  men  under  him  are  usually  much  greater 
for  such  observations  than  those  in  the  Bridge  Department.  I  would 
suggest  or  offer  a  motion  that  a  similar  rule  be  incorporated  in  the 
instructions   to    Supervisors  of  Track. 

(The  motion  was  carried.) 

Mr.  Wendt : — I  move  that  the  report  of  this  Committee  be  approved 
and  printed  in  the  Manual  of  Recommended  Practice,  and  while  on  my 
feet  allow  me  to  say,  in  support  of  that  motion,  that  the  present 
membership  of  the  Committee  on  Uniform  Rules  is  the  first  in  seven 
years  that  has  produced  anything  tangible  for  the  Manual  of  Recom- 
mended Practice,  and  I  think  they  are  to  be  \varmly  commended  for 
the  excellent  start  which  has  been  made.  These  rules,  it  seems  to  me, 
are  excellent,  as  far  as  they  go. 

The  President: — Are  you  ready  for  the  question?  The  question 
is  on  the  adoption  of  the  report  and  its  inclusion  in  the  Manual  of 
Recommended  Practice. 

(The  motion  was  carried.) 

Mr.  Berg: — Would  it  not  be  well  to  refer  to  the  two  subjects 
assigned  by  the  Board  to  the  Committee,  and  which  they  have  referred 
to,  although  they  have  made  no  particular  report?  The  question  ol 
Water  Service  as  a  separate  subdivision,  and  the  question  on  the  general 
contract  form.  In  regard  to  the  question  of  considering  a  separate 
subdivision  for  Water  Service,  the  Committee  states  that  the  subject 
"has  been  carefully  considered,  and  the  conclusion  reached  that  it  would 
be  preferable  for  each  individual  road  to  determine  that  question  for 
itself.  In  cases  where  this  branch  of  the  service  is  under  a  separate 
organization,  the  general  rules  pertaining  to  Supervisors  of  Structures 
can  be  made  applicable,  with  a  slight  modification."  I  would  like  to  ask 
the  Committee  whether  it  would  be  desirable  to  formulate  some  such  rules 
for  such  cases  where  railroads  desire  separate  rules  under  the  head 
of  "Supervisors  of  Water  Service?"  Whether  the  Committee  could  not 
make  that  modification  and  let  it  be  embodied  as  an  alternate  modifica- 
tion and  take  it  up  in  connection  with  the  work  of  the  Committee;  or 
does  the  Committee  consider  the  report  on  that  question  as  final? 

Mr.  Webb:— We  thought  that  comparatively  few  roads  had  a  sep- 
arate Water  Service  subdivision,  not  attached  to  some  other  department, 
and,  therefore,  did  not  think  it  advisable  to  formulate  rules.  As  Mr. 
Berg  says,  I  think  it  would  be  well  for  them  ultimately  to  consider  and 
formulate  rules  for  the  Water  Service  as  a  subdivision  of  the  structural 
department,  or  building  department,  or  whatever  department  it  might 
be  attached  to.  We  would  have  to  start,  probably,  with  foremen  of 
Water  Service. 

Mr.  Berg: — I  would  like  to  ask  the  Committee  whether  there  is 
sufficient    reason    for    doing    that.     In    other    words,    are    there    sufficient 
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corporations  who  would  want  to  make  use  of  such  separate  subdivision 
for  Water   Service  as  to  warrant  its  being  included  or  not? 

Mr.  Webb : — As  a  separate  department  ? 

Mr.  Berg: — Are  there  sufficient  corporations  desiring  Water  Service 
under  a  separate  head  to  warrant  oUr  taking  the  time  to  formulate 
for  their  use  such  subdivision,  or  is  it  only  a  small  number  of  corpora- 
tions who   would   want   to   make  use   of  it? 

Mr.  Webb : — From  the  information  obtained  by  the  Committee  we 
reached  the  conclusion  that,  as  there  were  comparatively  few  roads 
having  separate  organization  for  the  maintenance  and  operating  of 
water  supplies,  it  was  hardly  necessary  to  formulate  a  set  of  rules  for 
the    Supervisors   of  Water   Service. 

The  President : — If  there  is  no  further  discussion,  the  Committee 
will  be   relieved,  with   the  thanks  of  the   Association. 


REPORT  OF  COMMITTEE  NO.  II— OX  BALLASTING. 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

Your  Committee  on  Ballasting  begs  to  report  as  follows : 

A  meeting  was  held  at  the  Association  rooms  in  the  Monadnock 
Block,  Chicago,  on  Tuesday,  September  25th,  Messrs.  Hanna,  Bush, 
Goodale  and  Walker  being  present. 

A  joint  meeting  with  the  Committee  on  Roadway  was  held  Tuesday^ 
November  6th,  at  the  same  place,  those  present  being  Messrs.  Slifer, 
Bremner,  Didier,  Fisher,  Pence  and  Willoughby,  of  the  Roadway  Com- 
mittee, and  Messrs.  Hanna,  Beahan,  Causey,  Milner,  Stimson  and  Walker, 
of  the  Ballasting  Committee. 

A  joint  meeting  with  the  committees  on  Ties  and  Track  was  held 
at  the  same  place  Mondaj'-,  November  12th,  those  present  being  Messrs. 
Curtis,  Ericson,  Faulkner,  More  and  Rowe,  of  the  Tie  Committee;  Messrs. 
Rose  and  Davis,  of  the  Track  Committee,  and  Messrs.  Hanna,  Paquette 
and  Beahan,  of  the  Ballasting  Committee. 

A  joint  meeting  of  the  committees  on  Roadway,  Ballasting,  Ties  and 
Track  was  held  in  the  rooms  of  the  Western  Society  of  Engineers  in  the 
Monadnock  Block,  Chicago,  Monday,  December  loth,  those  present  being 
'Mr.  Pence,  of  the  Roadway  Committee;  Messrs.  Hanna  and  Goodale,  of 
the  Ballasting  Committee ;  Messrs.  Hart,  More  and  Rowe,  of  the  Tie 
Committee,  and  Messrs.  Rose,  Hickey,  Davis  and  Smith,  of  the  Track 
Committee. 

The  report  submitted  to  the  convention  in  March,  1906,  contained  a 
revised  definition  for  "Cinders,"  and  a  new  definition,  not  previously 
submitted,   for   "Disintegrated  Granite." 

Specifications  covering  stone  ballast,  which  had  been  adopted  by  the 
1905  convention,  were  submitted,  no  change  being  made  by  the  1906 
convention. 

Recommended  principles  of  practice  were  submitted  for  Gravel,  Cin- 
ders and  Burnt  Clay.  The  recommendations  as  to  Gravel  and  Cinders 
were  approved  as  read.  The  recommendation  as  to  Burnt  Clay  was  ap- 
proved   as    read    with    the   exception   of   the    last    paragraph,    which    was 
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amended  to  read  "Absorption  of  water  should  not  exceed  fifteen  per 
cent,  by  weight." 

Some  notes  on  "Disintegrated  Granite"  were  submitted;  also  some 
ballast  cross-sections.  The  members  of  the  Committee  had  been  un- 
able to  agree  on  sections  in  1905,  submitting  a  minority,  as  well  as  a 
majorit}',  report.  The  sections  submitted  in  1906  were  the  result  of  an 
effort  to  get  together  and  were  in  the  nature  of  a  compromise.  They 
were  not  adopted  by  the  convention,  but  were  referred  back  to  the 
Committee  for  i-evision.  Motions  were  passed  by  the  convention  cutting 
out  the  crown  in  the  roadbed,  shown  on  the  Committee's  sections;  in- 
structing the  Committee  to  make  a  cross-section  suitable  for  stone  or 
slag  ballast  as  well  as  gravel,  and  to  omit  the  projection  above  top  of 
tie,  shown  on  one  of  the  gravel  sections,  bringing  it,  instead,  flush  with 
top  of  tie   at  center. 

Following  these  instructions  and  the  suggestions  made  in  the  con- 
vention as  to  slope  of  stone  and  slag  ballast,  the  Committee  has  pre- 
pared a  new  set  of  sections,  which  are  herewith  submitted.  At  the 
meeting  held  November  12th  the  proofs  of  the  paper  by  Mr.  O.  E.  Selby 
on  "Study  of  the  Stresses  Existing  in  Track  Superstructure  and  Rational 
Design  based  thereon"  (see  Bulletin  No.  80)  were  placed  before  the 
members  present  and  the  meeting  of  December  loth  was  principally  for  the 
purpose  of  discussing  the  points  brought  out  in  that  paper  and  their 
bearing  on  the  ballast  sections.  It  was  the  sense  bf  that  meeting  that 
the  depth  of  ballast  on  sections  shown  for  Class  A  track  should  be  con- 
sidered a  minimum  and  held  to  apply  only  where  the  subgrade  was 
well  drained,  and  of  the  firmest  and  most  substantial  character.  It  was 
thought  that  other  sections  should  be  prepared  showing  the  requirements 
for  subgrades  with  small  supporting  power,  but  as  it  was  necessary, 
in  order  to  get  consideration  by  the  convention,  to  have  the  report 
ready  for  early  printing  in  the  Bulletin,  it  was  thought  best  not  to 
attempt  to  get  out  those  sections  now,  but  to  do  so  later,  when  there 
had  been  an  opportunity  for  discussion  by  the  convention. 

In  the  joint  conferences  with  the  Tie  and  Track  committees  it  was 
concluded  not  to  make  any  changes  in  the  drawings  on  account  of 
difference  in  length  of  ties,  as  the  sections  as  shown  could  practically  be 
applied  with  any  length  of  tie.  Figures  for  the  length  of  tie  were 
therefore  purposely  omitted. 

With  regard  to  the  effect  of  ballast  sections  on  Roadway,  those  for 
gravel,  cinders,  chats,  etc.,  classes  B  and  C,  show  a  very  narrow  margin 
between   the    foot   of   the   ballast   and   the    shoulder   of   the    bank.     This 
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brings  up  the  question  of  whether  or  not  a  wider  roadway  would  not  be 
advisable  for  these  two  classes.  In  the  joint  meeting  it  was  concluded 
not  to  make  any  definite  recommendations  at  this  time,  but,  instead,  to 
suggest  a  further  inquiry  as  to  whether  the  present  classifications  suffi- 
ciently met  the  requirements.  In  ^this  line  a  little  consideration  of  Mr. 
Selby's  paper  will  show  that  for  soils  requiring  a  small  unit  bearing 
stress,  particularly  with  gravel  and  similar  ballasts,  the  necessary  area 
cannot  be  obtained  on  a  twenty-foot  roadway.  It  was  the  opinion  of 
the  members  of  the  various  committees  who  attended  these  joint  meetings 
that  Mr.  Selby's  analysis  was  along  the  right  line,  although  no  attempt 
was  made  to  follow  it  to  a  conclusion  with  soils  of  different  supporting 
capacities.     This  the  Committee  would  like  to  do  in  a  future  report. 

Attention  is  called  to  a  list  of  articles  on  the  subject  of  ballasting, 
which  is  submitted  with  this  report.  The  Committee  obtained  this  list 
from  the  secretary  of  the  American  Society  of  Civil  Engineers  with  the 
intention  of  following  the  instructions  of  the  Board  of  Direction  to 
make  a  study  of  special  literature  on  the  subject  of  ballasting.  No 
member  of  the  Committee  has  been  able  to  read  this  matter  and  any  study 
of  it  must  be  reserved  for  a  future  report. 

Your  Committee  w-ould  call  attention  particularly  to  the  discussion  on 
the  1906  report  appearing  in  Vol.  7  of  the  Proceedings,  submitted  in 
writing  by  Mr.  W.  C.  Cushing,  of  the  Pennsylvania  Lines  West.  The 
Committee  considers  this  a  valuable  addition  to  the  general  knowledge 
of  the  subject.  '  ; 
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Gravel,  Cinders,  Chats,  Etc. — Class  A. 
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Above  sections  for  Class  A  track  are  intended  to  show  minimum 
depth  under  ties  and  are  recommended  for  use  only  on  firmest, 
most   substantial   and   well-drair.cd    subgradcs. 


''See   amendment,    page    46. 
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*See   amendment,    page   46. 


46  BALLASTING. 

CONCLUSION. 

Your   Committee  recommends  that  the  ballast  sections  submitted  be 
approved  as  good  practice. 

Respectfully  submitted, 

John  V.  Hanna,  Chief  Engineer,  Kansas  City  Terminal  Railway,  Kansas 
City,  Mo.,  Chairman. 

C.  A.  Paquette,  Assistant  Chief  Engineer,  Cleveland,  Cincinnati,  Chicago 
&  St.  Louis  Railway,  Cincinnati,   O.,   Vice-Chairman. 

WiLLARD  Beahan,  Assistant  Engineer,  Lake  Shore  &  Michigan  Southern 
Railway,  Cleveland,  O. 

Lincoln  Bush,  Chief  Engineer,  Delaware,  Lackawanna  &  Western  Rail- 
way, Hoboken,  N.  J. 

A.  Q.  Campbell,  Assistant  Engineer,  Oregon  Short  Line,  Salt  Lake  City, 

Utah. 

W.  B.  Causey,  Engineer  Maintenance  of  Way,  Chicago  &  Alton,  Bloom- 
ington.  111. 

L.  F.  Goodale,  Engineer  Maintenance  of  Way,  Chicago,  Burlington  & 
Quincy  Railway,  St.  Louis,  Mo. 

W.  W.  Greenland,  Assistant  Engineer,  Wabash  Railroad,  Moberly,  Mo. 

G.  D.  Hicks,  Superintendent,  Nashville,  Chattanooga  &  St.  Louis  Rail- 
way, Tullahoma,  Tenn. 

B.  C.  MiLNER,  Superintendent,  Southern  Railway,  Louisville,  Ky. 

A.  F.  Rust,  Resident  Engineer,  Kansas  City  Southern  Railway,  Kansas 
City,  Mo. 

F.  J.  Stimson,  Engineer  Maintenance  of  Way,  Grand  Rapids  &  Indiana 

Railway,  Grand  Rapids,  Mich. 

G.  M.  Walker,  Jr.,  Assistant  Engineer,  Kansas  City  Belt  Railway, 
Kansas  City,  Mo. 

Committee. 

AMENDMENTS. 

Amend  sections  for  crushed  rock,  Classes  A  and  B,  to  read:  "Slope 
ij^  to   I. 


Appexdices    to    Report    on    Ballasting. 
(A)     BIBLIOGRAPHY. 

SEARCH   MADE  IN  THE  LIBR.\RY  OF  THE  AMERICAN   SOCIETY  OF  CIVIL  ENGINEERS 
FOR   ARTICLES    ON    BALLAST. 

"Construction  and  Maintenance  of  Track;"   by  Julian  A.  Hall.     Trans. 

Am.  Soc.  C.  K,  V  2:^,  p.  353.     (Dec,  1890.     Paper  No.  460.)      (Con- 
tains one  page  on  ballast.) 
"The  Improvement  of  Railway  and  Street  Railway  Track ;"  by  E.  E.  R. 

Tratman.    Trans.  Am.  Soc.  C.  E.,  v.  22,  p.  147.     (March,  1890.   Paper 

No.  433.)      (Two  pages  on  ballast.) 
"A  Treatise  on   Civil   Engineering,"  p.   1255 ;   by  W.   M.    Patton.    Ed.   2. 

N.  Y.,  1905.     John  Wiley  &  Sons.     (One  page  on  ballast.) 
"The  Civil  Engineer's  Pocket-Book,"  pp.  815,  855;  by  John  C.  Trautwine. 

Ed.  18.     N.  Y.,  1904.    John  Wiley  &  Sons.     (Contains  a  table  on  the 

cubic  yards  of  ballast  per  mile  of  road.) 
"Pocket-Book  of  Useful   Formulas  and  Memoranda,"  pp.  207,  208,  218; 

by  Sir  Guilford  L.  Molesworth.     Ed.  25.     London,  1905.     E.  &  F.  N. 

Spon,  57  Haymarket.     (Gives  the  minimum  width  of  ballast  at  top; 

and  minimum  depth  below  sleepers.) 
"Notes  on  Track;"  pp.  141,  213,  538,  730,  871;  by  W.  M.  Camp.     Chicago, 

1903. 
"Handbook  of  Cost  Data,"  p.  546;  by  Halbert  P.   Gillette,  N.   Y.,    1906. 

Myron  C.  Clark  Publishing  Co.      (Gives  the  cost  of  ballasting  using 

•dump  cars  and  the  cost  of  gravel  ballasting  single  track.) 
"Railroad  Construction,"  p.  215 ;  by  Walter  Loring  Webb.     Ed.  3.     N.  Y., 

1905.  John  Wiley  &  Sons.     (Contains  a  chapter  on  ballast.) 
"Railway  Appliances,"  p.  33 ;  by  John  Wolfe  Barry.     N.  Y.,  1876.    D.  Ap- 

pleton  &  Co.     (Four  pages  on  ballast.) 
"Railway  Track  and  Trackwork,"  pp.  11,  19,  22,  285,  table  II,  Appendix  I; 

by  E.  E.  R.  Tratman.  Ed.  2,  N.  Y.,  Engineering  News  Publishing  Co. 
"Note  on  the  Ballasting  of  New  Railways  and  on  the  Sinkage  of  Ballast 

in  Banks."     Government  of  India  Technical  Paper  No.   loi.     India, 

Director  of  Railway  Construction.     1901. 
"Notes   on   the   IMaintenance   of   Permanent   Way    in    India ;"   by   R.    M. 

Leslie.      Government    of    India    Technical    Paper,    No.    140.      India, 

Director  of  Railway  Construction,  1903.     (Contains  a  page  on  ballast.) 
"The  Roadmaster's  Assistant,"  pp.  44,  208,  251;  by  William  S.  Hunting- 
ton.    N.  Y.,  187S,  R.  R.  Gazette. 
"The    New    Roadmaster's    Assistant,"    pp.    75,    156,    158,    230;    by    George 

Hebard  Paine.     N.  Y.,  1898,  R.  R.  Gazette. 
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"American  and  European  Railway  Practice,"  p.  154;  by  Alexander  L. 
Holley.     N.   Y.,   1867,  D.   Van   Nostrand  Co. 

Three  Essays  on  Track- Work,  Received  in  Competition  for  Prize  offered 
by  the  American  Society  of  Railroad  Superintendents.  "Essay  on 
Track  Work,"  p.  17;  by  Andrew -Morrison.  "An  Essay  on  Main- 
tenance of  Track,"  p.  5;  by  H.  W.  Reed.  "Treatise  on  Track-Work," 
p.  7;  by  Edwin  A.  Hill. 

"The  Elements  of  Railroading,"  p.  42;  by  Charles  Paine.  N.  Y.,  1885, 
R.  R.  Gazette.    (Contains  three  pages  on  ballast.) 

Track,  a  Complete  Manual  of  Maintenance  of  Way;  by  W.  B.  Parsons. 
N.  Y.,  1886,  Engineering  News  Publishing  Co.   (One  page  on  ballast.) 

Ballast.  In  "Permanent  Way,  Rolling  Stock  and  Technical  Working  of 
Railways,"  v.  i,  p.  190;  by  Ch.  Couche,  tr.  by  James  Schoolbred. 
London,   1877.     Dulau  &   Co.,   Z7   Soho   Square. 

"On  the  Best  Methods  of  Handling  the  Different  Kinds  of  Ballast." 
Report  of  a  Committee.  Proceedings  of  the  Roadmasters'  Asso- 
ciation, V.  18,  p.  57   (1900).     (Including  ten  pages  of  discussion.) 

Abstract   of   same.     Engineering    News,   v.  44,   p.   341.    (Nov.    15,    1900.) 

Reports  of  Committee  on  Ballast.  Proceedings  Roadmasters'  Associa- 
tion, V.  2,  p.  15  (1884)  ;  V.  3,  p.  64   (1885)  ;  V.  14,  pp.  92,  94   (1896). 

Report  of  Committee  on  Labor  on  Track.  Proceedings  Roadmasters' 
Association,   v.   6,   p.    loi    (1888)  ;   v.   7,    p.    56    (1889). 

"Burned  Clay  Ballast."  W.  Shea.  Proceedings  Roadmasters'  Associa- 
tion, V.   19,  p.  42    (1901). 

Abstract  of  the  same.     Engineering  News,  v.  46,  p.  279.     (Oct.  10,  1901.) 

"Stone  Ballast;"  by  E.  A.  Hermann.  Engineering  News,  v.  50,  p. 
532.     (Dec.  17,  1903.) 

"Ballast  Loaders."  Proceedings  Roadmasters'  Association,  v.  21,  p.  25 
(1903).     (Contains    a    paragraph    on    the    Torrey    Ballast    Loader.) 

Abstract  of  the  same.     Engineering  News,  v.  50,  p.  361.     (Oct.  22,  1903.) 

"Ballasting  New  Railways."  Engineering  News,  v.  46,  p.  123.  (Aug. 
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(B)— A    STUDY    OF    THE    STRESSES     EXISTING    IN    TRACK 

SUPERSTRUCTURE    AND    RATIONAL    DESIGN    BASED 

THEREON. 

By    O.    E.    Selbv,    Bridge    Engineer,    Cleveland,    Cincinnati,    Chicago    & 
St.    Louis    Railwa}^ 

When  a  bridge  superstructure  breaks  down,  we  at  once  make  a  care- 
ful examination  not  only  of  the  broken  parts  to  determine  if  defects 
existed  in  them,  but  also  of  the  loads  applied  and  the  unit  stresses  re- 
sulting therefrom.  We  criticise  the  arrangement  of  connections  and  pro- 
portions of  parts.  When  a  rail  breaks  under  traffic,  we  conclude  that  it 
was  piped,  and  draw  morals  based  on  the  superior  quality  of  Edgar 
Thomson  sixty-pound  rails  which  last  thirty  years  or  so  under  traffic. 

When  a  bridge  pier  cracks  or  begins  to  churn  up  and  down  under 
passing  loads  we  investigate  the  live  and  dead  load  reactions  on  it  and  the 
depth  and  character  of  foundations;  then  we  reinforce  it  or  rebuild  it  in 
such  a  way  that  it  may  be  made  a  permanent  structure.  When  a 
cross-tie  begins  to  churn  up  and  down  in  the  ballast,  do  we  report  that 
the  ballast  is  overloaded  and  that  a  wider  or  better  foundation  for  the 
tie  will  have  to  be  secured?  We  do  not.  We  simply  pack  the  ballast 
back  under  the  tie  and  hope,  if  it  is  well  packed,  it  may  not  get  loose 
again  soon. 

When  a  retaining  wall  leans  forward  or  a  heavily  loaded  corner  of 
a  building  settles,  we  ascertain  if  the  width  of  the  wall  at  the  base  is 
in  proper  proportion  to  the  height  and  if  the  load  on  the  clay  under 
the  building  is  uniformly  distributed.  When  a  railroad  track  settles  out 
of  level  and  its  clay  foundation  is  forced  up  between  the  ties  we  patiently 
dig  out  the  clay,  get  more  ballast,  if  the  shovel  has  not  been  shut  down, 
and  waste  our  mental  energies  accumulating  statistics  on  the  creeping 
of  rails  in  the  direction  of  heaviest  traffic. 

Railroad  track  has  grown  in  strength  as  heavier  loads  have  made 
increased  strength  necessary,  but  such  growth  has  been  entirely  along 
empirical  lines  and  not  one  single  detail  of  track  superstructure  bears 
marks  of  engineering  design. 

The  track,  which  at  the  beginning  of  railroads  was  a  detail,  lias  risen 
to  the  position  of  a  complex  structure  carrying  the  same  heavy  and 
destructive  loads  as  the  bridges  and  deserving  of  the  same  careful 
design.  Therefore,  it  seems  proper  to  examine  the  unit  stresses  exist- 
ing under  present  conditions  and,  if  possible,  apply  proper  unit  stresses 
to  designs  for  a  permanent,  or,  at  least,  more  durable,  structure. 

The    essential   parts    of   a   track,   aside    from   the    fastenings,    are   the 
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rails,  ties,  ballast  and  subgrade.  These  may  be  likened  to  the  analogous 
parts  of  a  bridge  structure,  viz :  girders,  piers,  footings  and  foundations. 
In  the  track  the  spans  are  short,  the  girders  continuous  and  subject  to 
reversals  of  stress,  and,  moreover,  are  universally  made  of  Bessemer 
steel.  The  piers  are  close  together,  shallow  and  subject  to  decay.  The 
footing  courses  are  gravel  or  broken  stone  without  binding  material, 
and  the  foundation  is  on  wet  clay,  usually  made  ground  and  always 
above  the  frost  line;  so  that  from  a  bridge  designer's  point  of  view 
the  track  is  a  very  unsatisfactory  structure. 

We  may  assume  as  a  typical  first-class  track :  8o-lb.  rail,  with  7x8  in. 
by  Syz-it.  ties,  twenty  to  a  33-ft-  rail,  on  12  in.  of  gravel  ballast  carrying 
locomotives  with  50,000-lb.  axle  loads  spaced  5  ft.  center  to  center. 
Examining  first  the  bending  stress  in  the  rail  we  have  50,000-lb.  axle 
loads  on  supports  20  in.  apart.  For  these  conditions  the  American  Rail- 
way Engineering  and  Maintenance  of  Way  Association  specifications  for 
steel  bridges,  paragraph  5,  call  for  100  per  cent,  impact,  making  the 
stresses  equivalent  to  those  from  a  ioo,ooo-lb.  axle  load  or  a  50,000-lb. 
wheel  load.  For  a  simple  beam  the  bending  moment  in  one  rail  would 
be  250,000-inch  lbs.  For  a  continuous  beam  with  rigid  supports  it  would 
be  two-thirds  that  and  for  a  continuous  beam  with  partially  yielding 
supports  three-fourths  of  the  bending  moment  for  a  simple  beam  is 
reasonable,  giving  i87,5co-inch  lbs.  If  we  consider  the  wheel  placed 
over  a  tie  which  yields  enough  to  carry  one-fourth  of  the  load  to  each 
adjacent  tie,  the  resulting  moment  in  the  rail  is  the  same.  The  section 
modulus  of  an  8o-lb.  A.  S.  C.  E.  rail  is  lo.o,  making  the  extreme  fiber 
stress  18,750  lbs.  per  sq.  in.  For  a  90-lb.  rail  the  unit  stress  is  reduced 
to  15,600,  and  for  a  lOO-lb.  rail  to  12,800. 

Passing  to  the  load  on  the  tie  we  encounter  an  clement  which  must 
vary  between  rather  wide  limits  with  the  stiffness  of  the  rail  and  yield- 
ing of  the  supports.  With  a  simple  beam  and  load  placed  midway 
between  supports,  the  reaction  on  each  support  would  be  one-half 
the  load.  The  theory  of  the  continuous  girder  would  make  the  reactions 
about  55  per  cent,  to  67  per  cent.,  depending  on  whether  the  load  is 
placed  over  a  support  or  midway  between.  The  yielding  of  supports 
would  undoubtedly  reduce  these  percentages.  Bridge  specifications  usu- 
ally consider  the  load  equally  distributed  among  three  ties,  but  bridge 
ties  are  spaced  usually  14  in.  between  centers,  so  that,  if  the  load  going 
to  one  tie  is  proportional  to  the  tie  spacing,  the  amount  for  20  in.  spacing 
would  be  20-14x1-3  =  20-42  =  47.6  per  cent.  Therefore,  the  assumption 
that  the  maximum  load  on  a  tie  is  half  the  axle  load  seems  a  proper 
one.  With  a  25,000  lb.  load  on  each  rail  bearing,  the  bearing  per  sq. 
inch  on  tie  is  625  lbs. 

In  investigating  further  stresses  in  the  tie  and  bearing  on  ballast 
some  uncertainty  as  to  the  distribution  of  the  load  effected  by  the  tie 
is  encountered.  If  a  uniform  distribution  is  attained  the  load  per  linear 
inch  on  a  tie  with  an  effective  length  of  100  in.  is  500  lbs.,  and  the 
greatest    bending    moment    is    (at    the    center)     125,000-inch    lbs.      If    we 
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consider  that  the  center  is  not  well  tamped  and  that  the  bearing  is  uni- 
form over  a  length  equal  to  twice  the  over-hang  or  20  inches  each  way 
from  the  rail,  the  resulting  maximum  moment  (under  the  rail)  is  the 
same  as  before.  With  a  tie  7  in.  deep  and  v/ith  8  in.  face  the  extreme 
fiber  stress  is  1,920  lbs.  per  sq.  inch.  If  by  reason  of  irregularities  of 
tamping,  etc.,  the  bearings  become  concentrated  at  the  ends  or  center 
instead  of  distributed,  the  above  unit  stress  may  be  doubled  and  result  in 
broken  ties. 

For  bearing  on  ballast,  if  we  take  the  first  and  most  favorable  as- 
sumption, we  have  50,000  lbs.  on  800  sq.  in.  or  4.5  tons  per  sq.  ft.  If 
the  bearing  is  only  20  inches  each  way  from  the  rail  it  amounts  to  5.6 
tons  per  sq.  ft.,   or  an  average  of,   say,  5   tons. 

For  computing  the  bearing  on  subgrade  we  are  furnished  a  method 
by  Mr.  Thomas  H.  Johnson's  study  contained  in  vol.  7,  Proceedings 
American  Railway  Engineering  and  Maintenance  of  Way  Association. 
The  formulas  given  therein  are  deduced  from  two  premises :  first,  that 
the  width  of  distribution  of  the  load  effected  by  the  ballast  is  equal  to 
the  width  of  the  tie  plus  the  depth  of  ballast  for  stone  ballast  or  plus 
half  the  depth  for  gravel  ballast;  second,  that  the  intensities  of  pressure 
within  that  width  are  proportional  to  ordinates  to  a  circular  curve  whose 
radius  and  chord  are  each  equal  to  the  width  of  distribution.  The  width 
of  distribution  for  a  tie  with  8  in.  face  and  12  in.  gravel  ballast  is 
8  in.  +  6  in.  =  14  in.  The  same  ratio  of  spread  obtains  at  the  ends  of 
the  tie,  so  that  the  bearing  area  on  subgrade  is  14  in.  X  106  in.  =  1,484  sq. 
in.,  and  with  a  50,000-lb.  load  the  average  pressure  is  2.4  tons  per  sq. 
ft.     The  maximum  pressure  is  about  3-2  of  this  or  3.6  tons  per  sq.  ft. 

All  of  the  foregoing  unit  stresses  except  the  bending  in  the  tie  un- 
der favorable  conditions  and  the  bending  in  90-lb.  and  lOO-lb.  rails  are 
far  in  excess  of  what  would  be  considered  safe  or  good  practice  in  a 
bridge  structure,  and  it  is  not  to  be  wondered  at  that  we  have  broken 
rails,  cut  rail  seats,  broken  ties,  loose  and  pulverized  ballast  and  clay 
ridges  between  the  ties.  There  is  no  more  justification  for  continuing 
a  small  than  a  large  structure  in  service  with  higher  than  allowable  unit 
stresses  except  that  a  failure  in  the  small  one  may  not  cause  a  disastrous 
wreck;  consequently  greater  risk  may  be  taken.  This  is  the  case  with  all 
the  elements  of  the  track  except  rail,  hence  we  repair  the  failures  as 
they  occur  and  suffer  a  heavy  maintenance  expense  in  order  to  save  the 
first  cost  of  a  better  structure. 

Passing  now  to  the  design  of  a  track  superstructure  which  will 
overcome  the  defects  of  the  present  track  we  must  fix  on  the  loads  and 
unit  stresses  to  be  adopted.  For  these  we  turn  again  to  bridge  practice. 
Modern  specifications  call  for  an  E-60  loading,  which  contains  60,000  lb. 
axle  loads  spaced  5  ft.  between  centers.  The  American  Railway  Engi- 
neering and  Maintenance  of  Way  Association  specifications  allow  (para- 
graph 17)  16,000  lbs.  extreme  fiber  stress  on  open-hearth  steel  in  connec- 
tion with  100  per  cent,  impact  for  spans  as  short  as  those  we  are  dealing 
with.     For  Bessemer  steel  only  15,000  lbs.  should  be  allowed.     The  same 
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specifications  allow  2,000  lbs.  extreme  fiber  stress  on  timber.  For  bear- 
ing on  timber  (white  oak)  the  United  States  Bureau  of  Forestry  recom- 
mends 400  lbs.  per  sq.  in.  For  bearing  on  gravel  or  broken  stone  not 
well  confined,  4  tons  per  sq.  ft.  is  as  much  as  should  be  allowed.  For 
bearing  on  clay  foundation,  subject  to  frost  and  usually  made  ground, 
I  to  15^  tons  per  sq.  ft.  is  good  practice. 

RAIL. 

Consideration  of  bearing  on  ballast  and  subgrade  demand  that  the 
rail  be  stiff  enough  to  secure  uniform  distribution  of  loads  lengthwise 
of  the  roadbed.  A  tie  spacing  equal  to  one-half  the  wheel  spacing 
would  load  the  girder  (rail)  at  the  quarter  points  and  produce  moments 
(in  a  simple  beam)  equal  to  those  produced  by  a  uniform  load.  A 
more  practicable  tie  spacing  one-third  of  the  wheel  spacing  would  simi- 
larly produce  moments  1-72  part  or  only  1.4  per  cent,  greater  than  those 
from  a  uniform  load,  so  that  if  we  design  a  rail  for  a  uniform  load 
equal  to  the  wheel  load  divided  by  the  wheel  spacing,  the  result  will  be 
very  nearly  correct.  The  wheel  load  with  impact  is  60,000  lbs.  or  1,000 
lbs.  per  linear  jnch  of  rail.  For  a  continuous  beam  (indefinite  number 
of  spans  and  loads)  the  maximum  moment  is  1-12  WL"  =  1-12  X  1000  X  60^ 
=  300,000-in.  lbs.  For  a  fiber  stress  of  15,000  a  section  modulus  of  20.0 
will  be  required.  This  is  twice  the  section  modulus  of  an  80-lb.  rail, 
and  37  per  cent,  greater  than  that  of  a  lOO-lb.  A.  S.  C.  E.  rail. 

It  would  require  about  a  115-lb.  rail  if  designed  on  the  lines  of  the 
A.  S.  C.  E.  section,  but  the  same  stiffness  could  be  secured  with  a  lOO-lb. 
rail  7  in.  or  8  in.  deep  similar  to  the  deep  T  rail  sections  designed  for 
street  railways.  It  is  important  to  note  that  the  above  design  takes  full 
advantage  of  the  continuity  of  the  rail,  and,  hence,  would  require  100 
per    cent,    joints    and   practically   non-yielding   supports. 

BE-\RING   ON   TIE. 

Space  ties  20  in.  c/c  (20  to  a  33  ft.  rail)  then  the  load  on  one  tie- 
plate  (with  impact)  =1-3X60,000  =  20,000  lbs.  and  required  area  of  tie 
plate  =  20,000 -^  400  =  so  sq.  in.  This  is  secured  by  a  tie-plate  6]4  in- 
by  8  in. 

BENDING    OF    TIE. 

Space  ties  20  in.  c^c  and  assume  distribution  as  in  previous  discus- 
sion, then  bending  moment  =  ico,ooo-in.  lbs.  A  unit  stress  of  2,000  lbs. 
in  extreme  fiber  will  require  a  tie  7  in.  deep  and  6  in.  face.  On  ac- 
count of  irregularities  in  ballast  and  tamping  this  ought  to  be  increased 
50  per  cent,  making  a  9-in.  tie.  Ties  of  9-in.  face  spaced  20-in.  centers 
will,  with  irregularities  of  spacing  and  widths  of  tie  give  an  average 
clear  space  of  10  in.,  which  is  as  small  as  is  consistent  with  good  tamping. 

BEARING  OF  TIE  ON  BALLAST. 

Use  9-in.  ties  spaced  20  in.  If  the  load  is  distributed  uniformly  by 
the  tie  throughout  its  length,  the  bearing  on  the  ballast  is  3.13  tons  per 
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sq.  ft.  If  the  load  is  distributed  uniformly  for  20  in.  each  \\:\y  from  the 
rail,  the  bearing  is  3.8  tons  per  sq.  ft.  Neither  of  these  exceeds  the 
allowed  unit  stress  of  4  tons,  but  irregularities  would  probably  bring  the 
maximum  intensity  up  to  that  amount. 

REQUIRED    DEPTH    OF    BALLAST. 

By  Johnson's  formula,  pp.  104,  105,  vol.  7,  before  referred  to, 
the  required  depth  of  stone  ballast  is  4/3  (20  in. — ^Xg  in.)=i7.67  in., 
say  18  in.  This  is  a  very  large  amount  of  stone  ballast,  and  economy 
will  usually  result  if  gravel  is  substituted  for  part  of  it.  By  the  John- 
son formulas,  gravel  has  just  half  the  distributing  value  of  stone,  and 
its  cost  under  the  track  may  be  considered  practically  half  that  of  stone, 
so  that,  if  we  use  12  in.  of  stone  ballast  and  make  up  the  other  6  in. 
WMth  twice  the  depth  of  gravel,  we  have  24  in.  of  ballast;  the  lower  12  in. 
being  gravel  and  the  upper  12  in.  stone.  All  depths  of  ballast  used  in 
this  paper  are  depths  under  the  tie.  Such  a  depth  of  ballast  will 
require  a  roadbed  with  a  width  of  24  ft.,  for  single  track,  at  subgrade, 
as  indicated  on  the  cross-section  herewith. 

BEARING    ON    SUBGR.\DE. 

The  width  of  distribution  of  a  single  tie  load  is,  by  the  Johnson 
formulas,  9  in.  -|-  12  in.  -f  5  S  12  in.  ^  27  in.,  and  substantially  uniform  dis- 
tribution over  the  subgrade  is  secured  when  the  tie  spacing  is  three- 
fourths  of  that  width,  or  20j4  in.,  which  agrees  with  the  spacing  adopted. 
The  load  (with  impact)  is  one  ton  per  linear  inch  of  roadbed,  and  if 
distributed  over  10  ft.  width  the  average  load  per  sq.  ft.  on  subgrade  is 
1.2  tons.     The  maximum  is  3/2  X  20/2.25  -^10=  1.33  tons  per  sq.  ft. 

MERITS   OF   ABOVE  DESIGN. 

The  design  of  track  indicated  by  this  study  would,  of  course,  cost 
much  more  to  build  than  any  existing  track,  but,  if  properly  built  on  a 
settled  and  permanent  subgrade,  properly  drained  and  protected  from 
accumulation  of  mud  and  cinders,  it  is  reasonable  to  expect  that  the 
cost  of  maintenance  of  the  track  superstructure  proper  would  be  reduced 
more  than  half.  The  decreased  maintenance  cost  together  with  the  in- 
creased security  and  smoothness  of  riding  would  justify  the  larger 
capital  expenditure. 

The  foregoing  design  takes  into  account  future  increase  of  loads  and 
may  be  considered  somewhat  visionary,  and  the  limitations  of  present  rail 
sections  force  us  to  the  study  of  how  to  build  the  best  track  for  existing 
loads  using  present  rail  sections  of  80,  90  or  100  lbs.  per  yard.  The  fig- 
ures deduced  in  the  previous  study  furnish  a  guide  to  the  methods  of 
strengthening  needed  to  reduce  the  unit  stresses  to  proper  limits. 

DESIGN   FOR  TRACK   UNDER  80-LB.    RAIL. 

The  fiber  stress  in  th^  rail  must  be  reduced  from  18,750  to  I5,oco  by 
closer  spacing  of  ties.     The  required  spacing  will  be  15/18.75  X20  in.  =  16 
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in.  If  such  close  spacing  is  not  practicable,  it  is  clear  that  8o-lb.  rail  is 
too  light  for  existing  loads.  However,  we  may  tentatively  assume  it 
practicable,  and  investigate  the  tie  and  ballast  conditions.  Having  given 
rail  conditions  and  loads,  we  must  assume  that  the  load  on  the  tie 
varies  inversely  with  the  stiffness  (or  distributing  value)  of  the  rail. 
That  is  to  say,  a  heavy  rail  will,  with  the  same  loads,  require  fewer  ties 
than  a  lighter  rail.  This  has  been  found  true  in  practice  within  limits, 
and  is  in  conformity  with  the  stresses  in  the  rail.  It  is  also  assumed 
that  with  a  given  wheel  load  and  rail  section  the  load  on  the  tie  varies 
directly  with  the  spacing.  Now  if  for  8o-lb.  rail  and  20-in.  spacing  the 
tie   load  is   50,000  lbs.    for    i6-in.    spacing,    it   will   be    16/20   of   that,   or 

20,000 

40,000  lbs.   The  required  bearing  on  the  tie  will  be =  50  sq.  in.  This 

400 
would  require  a  tie-plate  6]4.  in.  X  8  in. 

The  bending  in  a  7  in.  X  8  in.  X  8^  ft.  tie  will  be  16/20  X  1920  =  1520, 
which  is  satisfactor}^ 

The  bearing  on  ballast  will  similarly  be  between  3.6  tons  and  4.5 
tons,  or  say  4  tons. 

The  depth  of  ballast  required  to  secure  uniform  pressure  on  sub- 
grade   is  by  the  Johnson  formulas : 

4/3   (16  in.  —  34  8  in.)  =  13.3  in.  for  stone,  say  14  in. 
or  8/3   (16  in.  —  J4  8  in.)  =  26.7  in.  for  gravel. 

DESIGN    FOR   TRACK    UNDER   QO-LB.    RAIL. 

The  bending  on  rail  will  permit  of  20-in.  spacing  of  ties.  The  tie 
load,  on  account  of  variation  with  the  section  moduli  of  the  rails,  would 
be  10/12  of  50,000  lbs.  =  42,000  lbs.,  producing  a  unit  bearing  on  the 
ballast  of  4.2  tons.  To  reduce  this  to  4  tons,  the  spacing  must  be  reduced 
their  approaches  and  outlets  are  kept  free  from  brush,  driftwood,  etc. 
for  gravel. 

spacing.  The  depth  of  ballast  required  for  i8-in.  spacing  is  4/3 
(i8in.  —  ^  Sin.)  =  i6in.  for  stone,  or  8/3  (18  in.  —  ^  8  in.)  =32  in. 
to   40/42  X  20  in.  =  19   in.,   or   say  22  ties   to   a   33-ft.    rail,   giving    i8-in. 

DESIGN  FOR  TRACK   UNDER   lOO-LB.   RAIL. 

The  rail  section  will  permit  of  23.4  in.  spacing  of  ties,  or  say  18  ties 
per  33-ft.  rail,  22-in.  spacing.  The  tie  load  for  22-in.  spacing  under  80-lb. 
rail  would  be  increased  to  22/20  X  50,000  lbs.  =  55,000  lbs.  and  for 
lOO-lb.  rail  would  vary  with  the  section  modulus  and  be  reduced  to 
10/14.6  X  55,000  =  38,000,  producing  a  unit  bearing  on  the  ballast  of  3.8 
tons,  which  is  below  the  4  tons  allowed. 

The  depth  of  stone  ballast  required  with  22-in.  spacing  would  be 
4/3  (22  in.  —  >}4  8  in.)  =  21.3  in.  To  reduce  this  to  a  reasonable  depth  we 
must  adopt  a  tie  spacing  of  20  in.,  or  20  ties  to  a  33-ft.  rail,  for  which 
the  depth  of  ballast  required  will  be  4/3  (20  in.  —  ^  8  in.)  ^18.7,  say 
18  in. 
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MERITS   OF  DESIGNS. 

The  depths  of  ballast  given  in  the  three  foregoing  designs  are  in- 
tended to  give  practically  uniform  pressure  on  subgrade,  and  that  (with 
impact)  amounts  to  i  ton  per  sq.  ft.  The  maximum  intensity  is  about 
1.2  tons. 

Similar  studies  contemplating  the  use  of  ties  with  g-in.  face  reveal 
no  advantage  commensurate  with  the  increased  cost  and  difficulty  of 
securing  such  ties. 

It  is  thus  seen  that  with  a  given  rail  section  and  size  of  tie  the  only 
elements  we  may  vary  are  the  tie  spacing  and  depth  and  character  of 
ballast,  while  the  particular  element  which  determines  these  varies  with 
the  weight  of  rail.  With  8o-lb.  rail  the  tie  spacing  is  fixed  by  the  weak- 
ness of  the  rail,  while  the  depth  of  ballast  follows  from  the  close  tie 
spacing  fixed  and  is  correspondingly  shallow.  With  the  90-lb.  rail  the 
tie  spacing  and  consequent  depth  of  ballast  are  determined  by  the  bearing 
of  the  tie  on  the  ballast.  For  the  lOO-lb.  rail  the  tie  spacing  is  determined 
by  the  requirement  of  a  reasonable  depth  of  ballast. 

Below  is  given  a  recapitulation  of  the  designs : 


Rail. 

80  Lbs. 

90  Lbs. 

100  Lbs. 

Rail  with  Sec. 
Mod.  20.0. 

Axle  load 

50,000  lbs. 

?"x8"x8i4' 

16!4" 

24 
14"  stone 

21' 

50,000  lbs. 

7"x8"x8V4' 

18" 

22 
16"  stone 

21' 

50,000  lbs 

20" 

20 
18"  stone 

22' 

eo.ooo  lbs. 

Size  of  tie 

7"x9"x8H' 
20" 

Number  of  ties  per  33  ft. 
rail 

so 

Depth  and  kind  of  ballast. 
Width  of  roadbed   

12"  stone  on 

12"  gravel 

24' 

Whatever  view  may  be  taken  of  the  accuracy  of  the  mathematical 
deductions  herein,  the  writer  believes  that  they  are  consistent  among 
themselves  and  supported  by  observed  methods  of  failure.  He  believes 
that  they  show  the  weak  spots  of  the  present  track  superstructure  and 
point  the  way  to  the  places  where  improvement  should  begin. 


DISCUSSION. 

Mr.  John  V.  Hanna  (Kansas  City  Terminal)  : — The  proceedings  of 
the  Committee  are  set  forth  in  the  report,  and  I  shall  not  go  through 
them  except  to  say  that  the  matter  of  greatest  interest  is  in  the  paper 
by  Mr.  O.  E.  Selby,  and  the  conclusions  that  result  from  following 
out  his  line  of  reasoning.  So  far  as  ballast  is  concerned,  the  line 
followed  is  indicated  in  a  v/ritten  discussion  on  the  1906  report  sub- 
mitted by  Mr.  W.  C.  Cushing,  of  the  Pennsylvania  Lines  West,  and  in 
that  discussion  the  line  of  reasoning  of  Mr.  Johnson  and  some  of  the 
conclusions  that  he  reached  as  to  the  distribution  of  the  weight  on 
the  roadbed  through  the  ballast,  were  set  forth.  The  Committee  did 
not  give  as  full  consideration  to  this  whole  matter  as  it  might  liave 
done  if  it  had  begun  consideration  of  Mr.  Selby's  paper  earlier ;  but 
the  paper  was  issued  about  the  time  the  Committee's  report  was  to  be 
put  in  shape  for  printing.  The  conclusions,  we  think,  arc  consistent 
with  the  principles  in  that  paper.  The  Committee  wishes  to  submit 
the  sections  shown  on  pages  12  and  13  of  Bulletin  No  82,  and,  to  get 
the  matter  before  you,  will  ask  that  the  sections  submitted  be  approved 
as  good  practice.  This  is  the  substance  of  the  conclusion  on  page  14 
of  Bulletin  No.  82. 

The  President : — Discussion  on  the  various  sections  shown  on  pp. 
12  and  13  is  in  order.  Mr.  McDonald,  are  you  prepared  to  start  dis- 
cussion  on  the  first   section  ? 

M'r.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  :— I 
do  not  feel  qualified  to  undertake  to  criticise  this  report.  I  have  not 
studied  it,  and  therefore  do   not  feel  qualified  to  discuss   it. 

The   President: — Mr.   Ewing,   have  you   anything   to   say? 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — I  do  not  like  the  sod 
on  top  of  the  roadbed  within  12  inches  of  the  edge  of  the  ballast. 
Generally,  where  you  have  a  condition  of  that  kind,  j-ou  will  find  that 
the  sod  perhaps  is  cut  to  a  line  and  is  up  one  or  two  inches  above 
the  natural  subgrade  and  interferes  with  the  drainage  to  some  extent. 
I   would  rather  see  the  sod  cut   off  of  the   top  of  the   roadbed   section. 

Mr.  Hanna : — The  point  raised  has,  of  course,  been  discussed  in 
Committee.  Last  year  it  seemed  to  be  the  opinion  generally  that  the 
water  would  make  its  way  out  through  the  grass  that  composed  the 
sod  and  that  it  was  not  really  objectionable.  It  seems  to  me  that  it 
is  just  as  well  to  have  the  sod  come  comparatively  close  to  the  foot 
of  the  ballast,  unless  it  does  interfere  with  the  drainage.  It  is  a  vital 
question   whether   it   interferes    with   the    drainage   or   not.     My   observa- 
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tion  has  been  that,  in  tlic  way  those  things  usually  work  out,  the  bank 
at  the  shoulder  will  be  a  little  low;  that  while  we  show  on  our  sections 
the  subgrade  of  a  cut  level  across,  as  a  matter  of  fact  that  shoulder 
will  be  a  little  lowtr.  That  being  the  case,  the  water  will  work  its 
way  through  the  sod,  and  having  the  sod  upon  the  corner  of  the  crown 
tends  to  prevent  erosion.     In  that  way  I  believe  it  is  a  good  thing. 

^Ir.  C.  E.  Knickerbocker  (New  York,  Ontario  &.  Western)  : — I 
agree  with  Mr.  Ewing.  In  the  first  place,  I  do  not  believe  it  is  possible 
to  get  a  good  sod  without  something  besides  the  sod  itself,  and  when 
you  do  that  you  make  the  grass  grow  as  much  down  as  it  does  up, 
and  you  have  finally  a  solid  formation  outside  of  the  ties.  I  really  do 
not  see  how  they  can  make  the  water  come  out,  with  the  understanding 
that  the  sod  is  to  be  on  the  side.  I  do  not  believe  you  can  sod  a 
slope  and  get  the  water  through  it.  If  you  sod  it,  the  water  is  bound 
to  come  out  at  some  point.  I  do  not  think  you  can  force  the  water 
through,  if  you   have  a   proper   sod   on  the   slope. 

Mr.  Hanna : — In  that  connection,  I  do  not  think  there  is  any  ques- 
tion that  the  water  will  make  its  way  through  the  grass.  If  there  is 
a  slope,  the  water  will  certainly  work  down  hill.  There  is  no  question 
about  that. 

'Mr.  Lincoln  Bush  (Delaware,  Lackawanna  &  Western)  : — We  have 
established  sod  lines  through  parts  of  our  suburban  territory  and  else- 
where on  our  line,  and  these  sod  lines  add  materially  to  the  appearance 
of  the  roadway.  Where  these  sod  lines  have  been  established  we  have 
not  experienced  any  difficulties  due  to  the  lack  of  proper  drainage. 
I  believe  that  the  point  made  by  Chairman  Hanna,  of  this  Committee, 
that  the  outer  end  of  the  bank  is  always  a  little  low  and  so  takes 
care  of  the  drainage  matter,  is  well  taken. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — The  Pennsj-lvania  Lines 
West  have  maintained  the  sod  line  for  many  years,  and  we  have  not 
found  the  trouble  that  the  objectors  would  indicate.  The  sod  in  the 
process  of  growth  practically  drinks  up  the  water,  and  it  is  of  great 
value  in  maintaining  the  edge  of  the  embankment  in  proper  grade  and 
line. 

Mr.  A.  S.  Baldwin  (Illinois  Central)  :— I  would  like  to  say  a  word 
in  regard  to  the  question  of  sodding.  After  quite  a  number  of  years' 
trial,  I  have  found  it  to  be  a  most  excellent  thing,  and  I  believe  that 
where  it  has  been  tried  it  has  been  well  thought  of.  It  is  a  fact  that 
after  a  number  of  years  of  cutting  the  sod  line  you  gradually  get  a 
sod  probably  two  or  three  inches  in  depth  that  will  hold  a  little  water, 
but  the  water  very  soon  runs  off,  and  it  prevents  the  erosion  that  is 
continually  going  on  at  the  edge  of  the  embankment.  The  trouble  with 
the  depression  that  comes  into  the  bank,  with  frequent  cutting  of  the 
grass  to  the  sod  line,  is  remedied  frequently  by  filling  in  material  of 
somewhat  more  permanent  form  than  earth,  such  as  ballast  screenings 
or  slack  from  coal  mines.     I   have   seen  large  stretches  of  track   where 
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this  depression  has  been  filled  with  slack  from  coal  mines,  and  it  has 
kept  down  vegetation.  My  experience  in  banking  has  been  that  the 
banks  become  rapidly  eroded  and  wash  away  unless  sodded  on  the  edges. 

Mr.  Duncan  MacPherson  (Transcontinental  Railway)  : — I  wish  to 
ask  Mr.  Gushing  if  he  did  not  find,  in  light  soil  embankments,  where 
the  roadway  was  on  a  grade,  that  it  would  be  necessary  to  protect  the 
subgradc  with  some  heavier  material ;  otherwise  in  times  of  great  flood, 
the  water  running  off  might  run  down  the  grade  line  and  cause  erosion 
of  the  subgrade.  That  point  has  been  covered  by  the  last  speaker, 
who  said  he  found  it  necessary  to  protect  it  with  slag,  or  something 
of  that  kind.  I  should  think  some  such  protection  necessary  when  the 
roadbed  is  made  of  light  soil. 

Mr.  Gushing : — I  do  not  think  Mr.  Baldwin  has  made  it  too  strong. 
I  think  the  sod  line  saves  money  for  the  company  and  prevents  the 
necessity  of  rebuilding  embankments  quite  frequently,  and  in  cases  where 
the  water  has  a  high  current,  of  course  other  measures  are  also  neces- 
sary, and  they  would  be  in  any  case,  whether  the   sod   is  used   or  not. 

Mr.  Baldwin : — I  would  suggest  that  a  distance  of  12  inches  between 
the  ballast  line  and  the  sod  line  is  a  little  excessive.  I  think  about 
eight  inches  is  sufficient  and  saves  that  much  cutting  of  grass.  Ordinarily 
a  shovel  width  is  about  what  is  wanted.  I  will  suggest  that  the  dimen- 
sion of   12  inches  be   changed   to   eight   inches. 

The  President : — Has  Mr.  Floesch,  of  the  Buffalo,  Rochester  & 
Pittsburg,  anything  to  say  on  this  subject?  He  has  some  rock-ballasted 
track. 

Mr.  J.  M.  Floesch  (Buffalo,  Rochester  &  Pittsburg)  :— I  would 
prefer  to  see  the  sod  line   sodded  on  the   edges   of  the   roadbed. 

The  President : — In  order  that  this  might  be  adopted,  it  should 
properly  be  placed  before  the  convention  on  a  motion,  either  with  sug- 
gestions to  change,  or  as  set  forth  by  the  Gommittee.  Is  anyone  pre- 
pared to  make  a  motion  to   that  effect? 

Mr.  Gushing: — I  move,  Mr.  Ghairman,  that  the  Association  approve 
the  recommended  practice  of  having  a  sod  line  on  the  edge  of  the 
roadbed. 

(The  motion  carried.) 

Mr.  Gushing: — I  move  that  the  slope  on  stone  ballast  sections  be 
changed  from  2  to  i  to  1Y2  to  i.  I  think  2  to  i  is  a  little  extravagant 
in  ballast,  and  not  necessary   as   approved  practice. 

(The  motion  carried.) 

The    President: — That    applies    to    all    sections    of    stone    ballasting? 

Mr.   Gushing: — Both,   in   classes   A   and    B. 

Mr.  Hanna : — I  would  like  to  say  in  that  connection  that  the  Gom- 
mittee at  the  last  meeting  asked  for  a  vote  or  expression  of  opinion 
by  the  convention  on  this  very  point,  and  it  was  one  of  the  considera- 
tions that  led  to  a  change  from  the  last  report  and  to  the  submission 
of  different  slopes  for  gravel  and  crushed  rock  at  this  time.     I  do   not 
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remember  now  whether  the  convention  actually  passed  a  motion  to  the 
effect  that  2  to  i  was  the  proper  slope,  but  in  the  discussion  that  came 
up  I  am  sure  that  this  slope  was  approved,  and  it  appeared  to  be  the 
sense  of  the  convention  that  2  to  i  was  the  proper  one.  Such  informa- 
tion as  the  Committee  had,  both  from  the  sense  of  the  convention  and 
the  experience  of  the  individual  members,  was  that  the  2  to  i  slope 
was   the    right   thing. 

The  President : — The  change  in  slope  will  give  additional  space 
between  the  slope  of  the  rock  and  the  edge  of  the  roadbed.  Some 
consideration  should  be  given  to  that  feature,  whether  the  sod  should 
be  carried  up  closer,  or  whether  the  space  as  shown — 12  inches — should 
be    retained,    and    the    sod   take    up   the    balance. 

Mr.  Hanna : — -That  point  was  brought  up  in  considering  the  width 
between  the  foot  of  the  ballast  and  the  sod.  The  Committee  considered 
the  very  point  that  Mr.  Baldwin  raised,  that  it  should  be  about  a  shovel 
width.  When  Mr.  Baldwin  suggests  eight  inches,  which  is  less  than 
the  width  of  the  ordinary  No.  2  shovel  in  railroad  use,  it  seems  to 
me  that  the  width  ought  to  be  a  little  greater,  simply  because  it  is 
hardly  practicable  for  a  man  handling  a  shovel  to  work  to  a  line  the 
exact  width  of  the  shovel.  I  think  he  would  work  a  little  more  eco- 
nomically if  it  were  a  little  wider. 

Mr.  A.  S.  Baldwin : — It  has  been  my  experience  in  ballasting  sod 
lines  that  it  was  necessary  to  throw  up  a  few  inches  on  the  ballast.  The 
grass  will  grow  where  the  ballast  is  thin,  and  for  several  inches  in 
toward  the  ballast  the  grass  will  come  up  through  the  ballast ;  conse- 
quently when  cutting  the  sod  line  it  is  necessary  to  throw  up  a  few 
inches  of  gravel,  and  j^ou  will  get  about  a  shovel  width  by  making 
it  eight  inches  from  the  established  ballast  line  to  the  sod  line.  If 
there  is  an  advantage  in  having  the  sod,  there  is  an  advantage  in  having 
it  as  wide  as  possible  to  maintain  it,  and  at  the  same  time  not  interfere 
with  the  ballast  line. 

Mr.  MacPherson : — I  notice  the  slope  of  J4  inch  to  i  foot  is 
given  for  all  kinds  of  ballast  from  the  center  of  the  track  to  end  of 
the  tie.  In  an  8-foot  tie  that  would  bring  it  2  inches  below  top  of 
tie  at  the  outer  end.  Should  that  be  the  same  for  all  ballast — gravel, 
rock  and  slag?  Does  it  not  remove  a  certain  amount  of  supporting 
power  from  the  end  of  the  tie,  which  would  assist  in  keeping  the 
track  in  line?  And  is  it  proper  to  have  the  same  slope  for  rock  and 
for   gravel?     It  would,   of   course,    economize   ballast. 

Mr.  Hanna : — I  would  say  that  the  way  in  which  we  arrived  at 
that  was,  in  the  first  place,  by  a  vote  of  the  convention ;  it  was  decided 
that  the  ballast  should  come  flush  with  the  top  of  the  tie,  at  the  center 
of  the  tie ;  and  in  further  discussion  it  was  concluded  that  there  should 
be  at  least  an  inch  of  clearance  under  the  rail,  and  this  slope  of  half 
an  inch  to  the  foot  practically  gives  that.  It  is  a  little  over  two  feet 
from  the  center  of  the  tie  to  the  inner  edge  of  the  flange  of  the  rail ; 
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but  the  difference  is  so  slight  that  practically  this  slope  gives  you  an 
inch  under  the  rail.  That  is  closer,  in  fact,  than  any  trackman  can  or 
will  work  with  rough  ballast  of  any  kind.  It  simply  complicates  the 
section  to  make  any  change  in  the  slope  after  you  reach  the  rail,  and 
if  any  slope  is  desirable  we  might  as  well  carry  it  out  to  the  end 
of  the  tie.  On  an  8-foot  tie  this  slope  gives  two  inches  instead  of  four, 
and  that  docs  not  interfere  to  any  great  extent  with  the  benefit  of  the 
ballast. 

The  President: — The  chairman  of  the  Committee  desires  the  con- 
vention to  give  some  definite  expression,  perhaps  by  motion,  to  bring 
it  before  the  meeting,  adopting  the  sections  for  crushed  rock  and  slag 
shown  under  classes  A  and  B,  with  the  changes  recommended ;  this  will 
bring  the  general  subject  of  these  cross-sections  up,  and  they  can  be 
adopted  or  not,  as  the  case  may  be. 

M'r.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie)  : — Before  the  formal 
motion  is  made,  it  seems  to  me  that  the  title  should  be  corrected.  It 
reads,  "Crushed  Rock  and  Slag."  The  term  "slag"  is  decidedly  vari- 
able, and  includes  everything  from  the  consistency  of  sand  to  that  which 
is  equal  to  crushed  rock,  and  I  think  the  Committee  should  change 
that,  making  it  crushed  rock  and  lump  slag,  or  put  in  some  qualifying 
word.  I  am  sure  the  Committee  does  not  recommend  such  section 
for  the  character  of  slag  turned  out  in  some  sections  of  the  country, 
which  is  hardly  above  the  grade  of  sand. 

Mr.  Cushing: — I  endorse  Mr.  Wendt's  suggestion.  The  Pittsburg 
district  turns  out  hardly  anything  else  now  except  this  disintegrated 
slag.     It  is  hardly  possible  to  obtain  any  more  lump  slag  in  that  district. 

Mr.  Hanna: — I  do  not  think  the  Committee  would  object  to  saying 
"coarse  slag"  or  "lump  slag."     That  is  what  we  meant. 

Mr.   Cushing: — Broken   slag. 

The  President : — The  Committee  is  willing  to  adopt  some  such 
designating  term  as  that,  but  it  is  not  positive  what  word  to  use. 

Mr.    Cushing: — I    move    that    we    use   the    word    "broken." 

Mr.  Hanna : — Would  not  "lump  slag"  describe  it  better  ? 

M'r.  Cushing : — No ;  at  least  it  does  not  to  my  mind.  It  means  to 
me  great  big  lumps  of  slag,   such   as   are   thrown   over   embankments. 

Mr.  McDonald :— We  have  specifications  for  crushed  stone  which 
are  very  carefully  drawn,  by  which  we  define  how  much  small  stuff 
should  be  allowed.  W'e  have  none  defining  the  sizes  of  slag  that  I 
know  of,  and  it  does  not  appear  to  me  that  in  first-class  track  crushed 
slag  should  be  admitted,  unless  treated  in  the  same  manner  as  crushed 
stone. 

Mr.  Wendt: — In  order  to  bring  that  before  the  convention,  I  would 
move  that  the  term  "slag"  be  stricken  out  and  the  title  of  the  section 
be  "crushed  rock,"  and  in  support  of  that  motion  I  would  call  attention 
to  the  note   at   the  bottom  of  the  page,   which   says   that  these  sections 
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"are  intended  to  show  minimum  depth  under  ties  and  are  recommended 
for  use  only  on   firmest,   most   substantial   and   well-drained   subgrades." 

Mr.  Hanna : — To  make  a  suggestion  in  that  line,  I  do  not  believe 
it  is  possible  in  a  title  to  say  everything  that  you  want  to  say,  and 
I  would  say  for  the  Committee  that  we  had  better  let  the  title  stand 
as  it  is  and  make  a  footnote  to  say  to  what  kind  of  slag  that  section 
should  be  applied.  ' 

Mr.   Cushing : — I  move  the  adoption  of  the  chairman's   suggestion. 

(The  motion  carried.) 

The  President : — We  will  now  proceed  to  the  consideration  of  sec- 
tions for  gravel,  cinders,  chats,   etc. 

Mr.  Cushing: — The  motion  only  applied  to  the  title.  The  chairman's 
request  has  not  yet  been  complied  with,  viz.,  that  a  motion  be  put 
approving  the  section.  I  move,  therefore,  that  the  section  pertaining 
to  crushed  rock  and  slag,  under  class  A,  both  double  and  single  track, 
be  accepted  by  the  Association,  with  the  amendments  that  have  already 
been  approved. 

(The  motion  carried.) 

Mr.  MacPherson : — The  2  to  i  slope  is  unnecessary  for  gravel  or 
broken  stone,  and  is  adding  unnecessarily  to  the  quantities  of  material 
without  any  seeming  benefit. 

j\Ir.  Hanna : — The  remarks  previously  made  apply  to  that.  On  the 
question  of  the  slope  for  crushed  rock,  apparently  the  convention  last 
year  approved   of  a  2  to    i    slope. 

Mr.  A.  S.  Baldwin : — I  will  suggest  that  the  slope  be  made  a  slope 
of  from  2  to  I  to  3  to  i,  depending  on  the  material.  The  object  of 
the  slope  is  to  sustain  the  ballast.  If  any  more  material  is  used  than 
is  necessary,  it  is  wasted.  With  some  material  one  slope  is  amply 
sufficient,  and  with  other  material  more  slope  is  required,  and  I  believe 
it  would  be  inadvisable  to  make  an  arbitrary  slope  of  3  to  i,  when 
sometimes  that  will  be  a  flatter  slope  than  is  necessary. 

The  President: — Do  you  make  that  in  the  form  of  a  motion? 

Mr.  A.  S.  Baldwin: — Yes;  I  make  that  in  the  form  of  a  motion. 

Mr.  Hanna: — I  will  just  point  out  that  the  result  of  the  adoption 
of  that  motion  would  be  to  change  the  dimension  from  the  end  of 
the  tie  to  the  foot  of  the  ballast  slope;  that  unless  the  slope  is  fixed, 
the  other  dimension  cannot  be  fixed,  and  it  would  be  leaving  us  really 
without  any  very  definite  section. 

Mr.  MacPherson : — It  would  only  mean  that  the  width  between  the 
foot  of  the  slope  and  the  sod  line  would  be  increased  just  that  amount. 

Mr.  Hanna : — Replying  to  Mr.  MacPherson,  I  would  expect  to 
change  that,  if  the  slope  were  altered,  and  the  foot  of  the  slope  brought 
nearer  to  the  end  of  the  tie;  I  would  expect  to  leave  the  width  of  the 
sod  line  the  same,  and  bring  the  sod  line  closer  to  the  end  of  the  tie 
by  just  so  much  as  the  foot  of  the  ballast  was  moved  in. 

(The  motion  was  lost.) 
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Mr.  A.  S.  Baldwin : — I  would  move  that  the  sod  which  is  shown 
as  existing  on  the  embankment  side  only  be  shown  in  a  similar  manner 
on  the  outside,  extending  to  the  ditch  and  up  the  side  of  the  embank- 
ment. 

The  President : — The  chair  has  noticed  that  practice  to  be  common 
on   the   Chicago,   Milwaukee   &   St.    Paul    road. 

Mr.  A.  S.  Baldwin : — In  explanation  of  that  motion  I  will  say  that 
for  quite  a  number  of  years  I  have  tried  the  cultivation  of  sod  through 
ditches,  and  I  have  found  that,  without  exception,  it  affords  a  greater 
economy  in  the  maintenance  of  the  slopes  of  the  cut  and  the  berm 
of  the  roadbed  than  any  other  method  I  know  of.  It  might  seem  that 
it  would  interfere  with  the  drainage ;  but  it  does  not  do  so  if  the  grass 
is  kept  properly  cut,  and  it  requires  very  little  work  to  keep  it  cut. 
Where  cuts  have  too  much  water,  they  should  be  tile  drained.  A  tile 
drain  underneath  a  ditch  of  the  kind  shown  on  this  section,  if  it  is 
the  proper  size,  will  take  care  of  all  the  water  that  will  come  in  the 
ditch,  that  would  otherwise  stay  there.  The  great  advantage  of  the 
sod  being  carried  through  the  ditch  is  that  it  prevents  a  line  of  excava- 
tion, so  that  the  bare  earth  is  exposed  when  cutting  takes  place  in 
the  ditch.  The  result  is  the  sod  gradually  grows  up  over  the  side  of  the 
slope.  From  actual  experience  in  a  number  of  cases  I  have  taken 
cuts  that  had  been  ditched  for  years,  and  after  making  them  of  that 
section  and  sodding  them,  the  necessity  for  any  further  ditching  has 
been  done  away  with.  All  that  is  necessary,  so  far  as  keeping  the 
sod  down  in  the  ditches  is  concerned,  is  for  the  trackmen  to  take 
their  shovels,  and,  as  they  generally  call  it,  "box"  the  grass,  that  is, 
hit  it  flatwise  with  the  shovel,  which  cleans  the  grass  and  cuts  it  off, 
but  does  not  destroy  the  roots.  I  have  maintained  cuts  in  this  way 
for  a  number  of  years.  I  think  it  is  a  step  toward  the  establishment 
of  a  permanent  way. 

(The  motion  carried.) 

Mr.  Frank  Rhea  (Pennsylvania  Lines)  : — I  suggest  that  the  slope 
on  the  double-track  section  be  continued  in  over  the  stone  drainage. 
I  make  that  suggestion  for  the  reason  my  observation  is  that  there 
is  a  natural  tendency  at  the  end  of  ties  to  lower  and  gather  water.  I 
take  it  from  this  section  that  the  space  between  the  ties  is  level.  If 
that  is  the  case,  the  water  will  run  from  the  middle  of  the  tie  to  the 
end  of  the  tie,  the  worst  place;  you  can  have  the  water.  The  slope 
should   be   continued   on   and   brought   in    over   this   stone    drainage. 

Mr.  Wendt : — I  move  the  adoption  of  the  sections  for  gravel,  cinders, 
chats,   etc.,   as   good   practice,   and   that   they  be   printed   in   the    Manual. 

Mr.  McDonald : — The  point  was  made  some  time  ago  about  the 
adaptability  of  the  section  to  slopes  of  different  materials;  that  is,  that 
a  slope  of  3  to  I  was  proper  for  gravel,  but  not  proper  for  cinders, 
which  require  a  steeper  slope.  I  suggest  the  Committee  include  a  foot- 
note, in  which  it  will  embody  the  suggestion  made  in  the  motion  by  the 
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chairman  heretofore,  that  these  slopes  can  vary  according  to  the  material 
used.  It  may  stand  3  to  i  for  the  extreme  outside  limit,  but  for  a 
material  which  does  not  require  so  wide  a  slope  it  could  be  drawn   in. 

(The  motion  of  I\Ir.  Wendt  carried.) 

Mr.  Hanna : — I  will  say  in  regard  to  the  section  for  gravel,  cinders, 
chats,  etc.,  that  the  principles  are  the  same  as  those  applied  to  the 
sections  for  Classes  A  and  B.  Thfe  slope  is  the  same,  the  only  dif- 
ference being  in  the  depth  under  the  ties ;  but  for  cementing  gravel 
and  chert,  it  was  the  opinion  of  the  Committee — and  my  recollection  is 
that  this  opinion  was  borne  out  by  discussion  at  the  last  convention — 
that  it  was  necessary  to  give  more  slope  to  the  section  as  a  whole 
for  the  purpose  of  carrying  off  water  rapidly.  The  difference  is  that 
the  slope  of  3  to  i  in  this  case  begins  at  the  bottom  of  the  tie  instead 
of  about  two  inches  from  the  top.  The  idea  was  to  carry  all  water 
away  from  the  end  of  the  tie  in  a  material  which  the  water  would  not 
penetrate. 

Mr.  A.  Montzheimer  (Elgin,  Joliet  &  Eastern)  : — I  move  that  the 
ballast  sections  shown  in  Class  C  be  adopted. 

(The  motion   carried.) 

The  President: — The  adoption  of  the  sections  carries  with  it  the 
adoption  of  the  conclusion,  as  amended.  If  there  is  nothing  further,  the 
Committee  will  be  relieved,  with  the  thanks  of  the  convention. 

Mr.  Cushing: — I  do  not  recall  hearing  any  motion  on  Class  B. 

The  President: — Class  B  was  adopted;  Classes  A  and  B  were  acted 
on   together. 


REPORT   OF    COMMITTEE    NO.    X— ON    SIGNALING 
AND  INTERLOCKING. 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

Pursuant  to  instructions,  j-our  Committee  has  revised  and  amended 
the  specifications  for  mechanical  interlocking  plants,  which  was  a  por- 
tion of  the  report  submitted  at  the  annual  convention  in  March,  1906. 
The  Committee  submits  these  specifications  revised  and  amended,  as 
adopted  by  the  Railway  Signal  Association  at  their  annual  convention 
in  October,  1906,  and  would  therefore  recommend  their  adoption  by 
the  Association. 

The  Committee  has  gone  very  carefully  into  the  question  of  the 
upwardly  inclined  arm,  or,  more  succinctly  speaking,  the  indications  of 
the  signal  in  the  upper  right  hand  quadrant,  and  has  ascertained  that 
the  consensus  of  opinion  among  Signal  Engineers  and  operating  officials 
familiar  with  signal  conditions  is  that  this  type  of  signal  be  adopted  for 
these  reasons,  viz. : 

(i)  The  signal  indications  thus  given  concur  more  nearly  with 
customary  standard  hand  and  lamp  signals  than  the  present  signal 
indications  in  the  lower  right  hand  quadrant. 

(2)  The  signal  construction  is  more  perfect  mechanically,  as  any 
extraordinary  weight,  such  as  snow  and  ice,  on  the  signal  blade  tends 
to  place  signal  in  stop  position. 

(3)  There  should  be  a  slight  reduction  in  the  cost  of  maintenance 
and  operation,  particularly  in  block  signals,  owing  to^  reduced  motive 
power  necessary  for  operation. 

The  Committee  was  given  an  oppartunity  of  inspecting  the  first 
installation  of  automatic  block  signals  with  the  upwardly  inclined  arm, 
or  in  the  upper  right  hand  quadrant,  on  the  Media  branch  of  the 
Pennsylvania  Railroad,  near  Philadelphia,  and  the  consensus  of  opinion 
of  the  Committee  was  that  this  system  was  the  proper  system  to  be 
adopted. 

In  this  connection,  the  Committee  submitted  to  a  joint  committee 
of  the  Railway  Signal  Association  diagrams  showing  an  Ideal  Signal 
System,  with  the  indications  in  the  upper  right  hand  quadrant,  which 
association  adopted  the  conclusions  (shown  in  paragraphs  a,  b  and  c, 
submitted   herewith)    and   passed   the    following   resolution: 
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"That  it  is  the  sense  of  the  Association  that  the  submitted  methods 
of  displaying  the  signal  indications  have  advantages  over  other  methods 
now  in  general  use." 

The  Committee  submits  the  three  conclusions  (ps.  a,  b,  c),  adopted 
by  the  Railway  Signal  Association,  for  adoption  by  this  Association,  and 
submits  the  balance  of  this  report  as  a  progress  report,  and  desires 
your   further   instructions.     Therefore    the    Committee    recommends : 

(i)  That  the  following  indications  be  considered  as  those  which 
are    required   in  a    complete   system   of   signals : 

INDICATIONS — RESTRICTING     RIGHTS. 

1.  Stop  at  or  before  reaching,  and  stay. 

2.  Stop  at  or  before  reaching,  and  proceed  cautiously. 

3.  Prepare  to  stop  at  next  signal. 

4.  Proceed  under  control,  block  is  occupied. 

5.  Take   siding  at   next   station. 

6.  Proceed  on  high  speed  route,  prepared  to  stop  at  next  signal. 

7.  Proceed  on  limited  speed  route,  prepared  to  stop  at  next   signal. 

8.  Proceed  on  slow  speed  route,  prepared  to   stop  at  next  signal. 

INDICATIONS — CONFERRING    RIGHTS. 

9.  Proceed,  block  is  clear. 

10.  Proceed,  block  clear  and  next  signal  at  proceed. 

11.  Proceed  on  high  speed  route,  next  signal  at  proceed. 

12.  Proceed  on  limited  speed  route,  next  signal  at  proceed. 

13.  Proceed   on   slow   speed   route,   next   signal  at   proceed. 

INDICATIONS — CONVEYING     INFORMATION. 

I   Main 

14.  Switch  open    -,'  „.  ,. 

•     )  Sidmg. 

„    .    .      ,  (  Main 

15.  b witch  closed 

/  Sidmg. 

16.  Home   switch    indicator   denotes   open    switch. 

17.  Home  switch  indicator  denotes  closed  switch. 

18.  Stop  for  passengers. 

19.  Need  not  stop  for  passengers. 

20.  Track  tank,   entrance  end. 

21.  Track   tank,  exit  end. 

22.  Get  orders. 

23.  Reduce  speed.     (Track  sign.) 

24.  Resume  speed.     (Track  sign.) 
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(2)  That  the  following  principles  of  giving  indications  govern  in 
formulating  a  system : 

(a)  On  all  signals  conferring  or  restricting  rights,  a  red  light 
shall  be  the  night  indication  for  stop;  a  yellow  light  shall  be  the  night 
indication  for  caution*,  and  a  green  light  the  night  indication  for  clear. 

(b)  That  the  day  indications'  of  semaphore  signals  be  given  in 
the  upper  right  hand  quadrant. 

(c)  That  the  semaphore  arm  horizontal  shall  indicate  stop;  in- 
clined upward  45  degrees,  caution ;  and  inclined  upward  90  degrees, 
proceed. 

(d)  That  two  lights  shall  be  displayed  on  every  high  speed  signal. 

(e)  That  the  stop  indication  shall  be  given  by  red  lights  in  a 
vertical  line. 

(f)  That  the  stop  and  proceed  indication  shall  be  given  by  red 
lights  in  an  oblique  line. 

(g)  That  lights  in  a  horizontal  line  shall  be  used  for  information 
signals. 

(h)  That  automatic  home  block  signals  shall  have  one  arm  witli 
end  pointed. 

(i)  That  interlocking  home  signals  shall  always  have  two  full- 
sized  arms  representing  unlimited,  and  limited  or  medium  speeds,  and 
shall  have  one  low  speed  arm,  distinguished  by  a  greater  interval  be- 
tween it  and  the  second  arm,  than  the  interval  between  the  top  and 
second  arm,  and  by  a  dim  light  at  night,  when  such  low  speed  arm  is 
required.    The  arms  to  have  square  ends. 

(j)  That  the  stop  indication  of  dwarf  signals  shall  be  given  by  a 
purple  light. 

(k)  That  the  home  signal  shall  be  displayed  in  the  45-degree 
position  to  indicate  that  the  advance   signal   is   at   stop. 

(1)  That  interlocking  distant  signals  shall  be  provided  with  two 
arms. 

(3)  Diagrams  Nos.  1-17  illustrate  the  aspects  recommended  by 
your  Committee   to  give  a  part  of  these   indications. 

(4)  On  account  of  the  limited  time  at  the  disposal  of  the  Com- 
mittee, it  did  not  complete  the  work  of  providing  all  the  aspects  required. 
The  types  to  be  used  for  telegraphic,  block  and  train-order  signals, 
for  the  indication  "Take  siding  at  next  station,"  and  for  distant  signals 
approaching  an   interlocking,   not   in   automatic   block   limits;    the   colors 


*  The  word  caution  to  be  used  as    Indicating  the   function   of  a  diatant 
signal.  ' 


72  SIGNALING    AND    INTERLOCKING. 

of    lights    on   high   switch    indicators,    and    the    various    forms    of    other 
information  signals,   were  not  decided  on. 

The  subject  of  operation  and  maintenance  of  joint  interlocking  plants 
has  been  gone  into  thoroughly  by  the  Committee,  and  in  connection 
with  this  a  universal  form  of  contract  for  crossings  and  the  division 
of  expenses  of  operation  and  maintenance  has  been  formulated  and 
discussed  at  the  Committee  meetings,  but  the  Committee  has  not  been 
able  to  recommend  the  exact  type  of  the  form,  and  requests  that  this 
be  considered  in  the  nature  of  a  progress  report.  The  Committee  has 
agreed  that  the  best  method  of  the  division  of  expense  at  joint  inter- 
locking plants  should  be  made  on  the  basis  of  the  number  of  operated 
units,  and  the  Committee  recommends  that  this  be  adopted  by  the  Asso- 
ciation  according  to   the   following  table : 

NAME   OF   OPERATED    UNIT.  VALUE. 

One  Signal   Arm    i 

One  Pair    Switch    Points    i 

One  Derail     i 

One  Pair   Movable   Point   Frogs i 

One  50'  Detector  Bar,  with  or  without  Locks i 

One  Scotch    Block    i 

One  Torpedo    Machine    i 

One  Power   Signal    '. i 

ELECTRIC   LOCKING. 

For    Each    Electric    Lock I 

ANNUNCIATORS    AND   INDICATORS. 

One  Route   i 

The  Committee  has  made  several  attempts  to  bring  about  a  joint 
meeting  with  the  Signaling  Committee  of  the  American  Railway  Asso- 
ciation, but  this  has  not  been  accomplished.  The  Committee  thinks  there 
are  many  points  of  importance  to  be  decided  upon  by  the  Committee 
of  the  two  Associations,  in  regard  to  the  bearing  of  standards  on 
methods  of  operation.  Your  Committee  therefore  requests  that  this  be 
accepted  as  a  progress  report,  and  recommends  that  the  Executive  Com- 
mittee of  the  Association  be  requested  to  take  up  the  question  with  the 
Executive  Committee  of  the  American  Railway  Association  and  endeavor 
to  effect  a  meeting  between  the  two  committees  prior  to  December  ist 
of  the   ensuing   year. 


STANDARD     SPECIFICATIONS     FOR     MECHANICAL     INTER- 
LOCKING  AND    MATERIAL   FOR   CONSTRUCTION    WORK. 

GENERAL    REQUIREMENTS. 

1.  Except  as  modified  by  plans  or  specifications  furnished  with 
request  for  tender,  the  contractor  shall  base  his  bid  on  the  conditions 
existing  at  the  time  of  such  request. 

2.  The  contractor  shall  furnish  all  tools,  material  and  labor,  except 
as  may  be  hereinafter  noted,  to  erect  and  complete  the  work  in  ac- 
cordance with  the  intent  of  the  plans  and  specifications,  and  anything 
that  is  obviously  necessary  to  complete  or  make  useful  any  part  men- 
tioned in  specifications  shall  be  provided  by  the  contractor,  although 
such  part   is   not   shown  by   the  plans. 

3.  The  company  will  furnish  in  place  all  switches,  derails,  movable 
point  frogs  and  ties  for  same,  including  ties  for  bolt  locks  and  crossing 
bars,  and  will  do  all  necessary  draining,  grading  and  blasting;  also 
provide  space  for  connections  and  any  necessary  municipal,  state  or 
other  government  permits. 

4.  The  contractor  shall  frame  all  ties  for  switches,  derails,  movable 
point  frogs,  bolt  locks  and  crossing  bars,  and  do  all  drilling  for  interlock- 
ing connections. 

5.  All  material  shall  be  furnished  f.  o.  b.  cars  on  the  company's 
lines    of   railway. 

6.  Immediately  on  completion  of  the  work  the  contractor  shall 
remove  and  dispose  of  all  refuse  made  by  his  men  and  leave  the 
buildings   in   condition    for   occupancy. 

7.  All   threads   shall  be   U.    S.   standard  as   far   as   practicable. 

8.  All  parts  shall  be  properly  proportioned  for  strength,  and  all 
materials    and  workmanship    shall   be   of  the  best  quality. 

9.  All  plans  furnished  by  the  company  at  the  time  of  signing 
the   contract  shall   be   considered    a  part  of   these   specifications. 

10.  The  contractor  shall  furnish  the  company  two  sets  of  working 
drawings  for  use  during  the  construction,  and  before  final  payments 
are    made    shall    furnish    each    company    interested    such    "Vandyke"    or 
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similar  prints  of  general  installation  plans,  as  may  be  required,  showing 
the  work  as   installed. 

II.  The  best  practice  at  the  time  the  work  is  performed  will  gov- 
ern in  all  particulars  not  mentioned  in  these  specifications,  and  if  any 
devices  are  furnished  which  have  not  been  in  general  use  they  shall 
be  subject  to  acceptance  of  the  . ..  .\.^..  ..before  being  placed  in  position. 
.  12.  The  contractor,  shall  not  deviate  from  these  specifications, 
except  on  written  permission  from  the  company,  and  no  bills  for  extra 
work  will  be  allowed  unless  such  work  shall  have  been  ordered  in 
writing. 

SPRCTFIGATTONS     FOR     MECHANICAL     INTERLOCKING. 

INTERLOCKING    STATION. 

20.  Interlocking  station  must  be  built  in  accordance  with  the  plans 
approved  by  the  company. 

INTERLOCKING      MACHINE. 

26.  The  machine  must  be  of  the  preliminary  latch-locking  type, 
rigidly  supported  on  a  wood  or  steel  frame,  as  required  by  the  com- 
pany, and  like  parts  of  the  same  type  of  machine  shall  be  interchange- 
able  as    far  as   practicable. 

27.  One  bracket  for  tappet  or  locking,  one  lever  shoe  pin  and  one 
locking  bar  extending  the  entire  length  of  the  machine  shall  be  pro- 
vided  for   each   spare  lever  space. 

28.  All  the  levers  in  a  machine  shall  have  equal  and  uniform 
throw.  Tail  levers  for  pipe  connections  shall  be  drilled  to  provide 
for  eight  and  three-quarters  (8^4)  i"->  "'"e  and  three-quarters  (9^) 
in.  and  ten  and  three-quarters  (ioj4)  i"-  movement  of  pipe  line.  Tail 
levers  for  wire  connections  shall  be  drilled  to  provide  for  ten  and 
three-quarters  (10%)  in.,  fourteen  and  three-quarters  (14^)  i"-,  sixteen 
and  three-quarters  (16^)  in.  and  eighteen  and  three-quarters  (18^) 
in.    movement    of   wire    line. 

LEADOUT. 

38.  Deflecting  stand,  crank  or  rocker  shaft  leadout  shall  be  fur- 
nished as   specified  by   the  company. 

39.  Rocker  shafts  shall  be  made  from  two  (2)  in.  square,  cold 
rolled  steel,  with  movable  bearings  and  movable  drop  forged  crank 
arms  eleven  and  three-quarters    (11^)    in.  long  center  to  center. 

Rocker   shaft   bearings    shall   be   so   arranged   that   both   ends   of   all 
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rocker    shafts    will    be    supported,    and    not    more    than    six     (6)    ft.    of 
rocker   shaft   will   be   unsupported. 

40.  Vertical  wire  leadout  wheels  shall  be  of  ten   (10)   in.  diameter. 

41.  All  leadout  appliances  shall  be  securely  fastened  to  leadout 
timbers    by   three-quarters    (J^)    in.    bolts. 

42.  The  down  rod  shall  in  all  cases  he  connected  to  the  eight 
and  three-quarters  (8^)  in.  hole  of  lever,  with  jaw  bent  to  fit  either 
eight  and  three-quarters  (8^)  in.  or  nine  and  three-quarters  (9^) 
in.  hole  by  turning  the  rod. 

43.  Shackles  connected  to  tail  levers  with  seven-eighths  (%)  in. 
pins  shall  be  provided  for  all  wire  lines  and  sufficient  movement  of 
wire  line  shall  be  provided  to  successfully  operate  all  wire-connected 
signals. 

PIPE    LINES. 

48.  Pipe  lines  shall  be  used  for  connections  to  switches,  derails, 
detector  bars,  locks,  high  home  signals,  Scotch  blocks  and  torpedo 
machines. 

49.  One  (i)  in.  soft  steel  or  wrought-iron  pipe  with  not  less  than 
one  and  one-quarter  (i34)  in.  outside  diameter  and  average  not  less 
than  one  and  sixty-seven  one-hundredths  (irr,"o)  lbs.  for  each  linear 
foot  of  pipe  alone  shall  be  used.  The  ends  of  the  pipe  shall  be  threaded 
not  more  than  one  (i)  in.  The  pipe  plugs  shall  be  drilled  for  one- 
quarter  (J4)  in-  rivets  and  fastened  in  the  pipe  by  one-quarter  (I4) 
by  one  and  eleven-sixteenths  (iH)  i"-  round  or  cone-headed  rivets. 
Pipes  shall  be  drilled  for  rivet  at  one  end  onh',  and  be  free  from 
seams   or   ridges. 

Sleeves  for  pipe  couplings  shall  be  made  of  wrought-iron  and  shall 
be  not  less  than  two  and  one-quarter  (2j4)  in.  in  length,  and  full 
section  throughout. 

Plugs  for  pipe  couplings  for  one  and  sixty-seven  one-hundredths 
(^T^oe)  pips  shall  be  made  of  wrought-iron  one  (i)  in.  in  diameter 
and  six  (6)  in.  long,  drilled  and  countersunk  for  two  (2)  one-quarter 
{%)  in.  rivets,  spaced  four  (4)  in.  center  to  center,  and  one  (i)  in. 
from    end.     Ends    of    plugs    shall    be    chamfered    one-eighth     (%)    in. 

50.  Pipe  lines  shall  be  straight  where  possible,  and  shall  be  placed 
not  less  than  five  (5)  ft.  from  gage  line,  except  where  the  line  runs 
between  tracks,  or  on  permission  being  granted  by  the  company. 

Pipe  lines  shall  be  laid  two  and  three-quarters  (2^)  in.  between 
centers,   and   shall   be    supported   on   pipe   carriers   placed    seven    (7)    ft. 
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centers  on  straight  lines,  and  six  (6)  ft.  centers  around  curves.  The 
distance  from  base  on  which  pipe  carriers  are  supported  to  the  center 
of  pipe  Hne   shall  be   four   and   one-quarter    (4/4)    in- 

SI.  Couplings  in  pipe  lines  shall  be  located  not  less  than  twelve 
(12)  in.  from  pipe  carriers  with  lever  on  center. 

53.  All  pipes  leading  across  tracks  shall  be  supported  by  trans- 
verse  pipe   carriers,    fastened   on   top    of   ties. 

54.  Where  pipe  and  wire  lines  cross  tracks  which  are  not  parallel 
turns  in  pipe  lines  shall  be  made  with  cranks,  radial  arms  or  deflecting 
bars  and  in  wire  lines  with  chain  wheels.  Deflecting  bars  shall  be 
arranged  for  pin  connections. 

55.  Pipe  connections  shall  be  installed  in  accordance  with  tempera- 
ture diagram. 

PIPE     CARRIERS. 

dy.  Pipe  carriers  shall  be  made  of  best  gray  iron,  constructed  of 
individual  top  and  bottom  rollers,  and  with  individual  legs  or  strands 
coupled   at  the  top   and   in   contact  but  not   connected   at   the  bottom. 

CRANKS. 

72.  Center  pins  of  horizontal  cranks  shall  be  provided  with  top 
and  bottom  support.  Cranks  used  for  the  operation  of  a  switch  and 
a  lock  for  the  same  switch  shall  be  mounted  in  separate  crank  stands. 

JAWS. 

75.  Body  of  all  jaws  shall  be  of  wrought-iron  one  and  one-quarter 
(i>^)  in.  in  diameter  and  fitted  with  tang  and  thread  for  coupling  to 
pipe.     Tang  shall  be  four  (4)   in.  in  length  and  one   (i)   in.  in  diameter. 

76.  The  sides  of  solid  jaws  shall  be  parallel  for  three  (3)  in.  and 
the  sides  of  screw  jaws  five    (5)    in.  from  center  of  pin  holes. 

TJ.  The  length  of  solid  jaws  shall  be  nineteen  and  one-half  (19V2) 
in.  from  center  of  pin  hole  to  center  of  rivet  hole  and  the  length  of 
screw   jaws    the    same    with    jaw    in    center   of    thread. 

78.     Each    screw    jaw    shall    be    provided    with    a    jamb    nut. 

80.  Body  of  screw  jaws  shall  be  of  wrought-iron,  one  and  one- 
quarter  (i^)  in.  in  diameter,  with  tang  and  thread  for  coupling  to 
pipe.  Tang  shall  be  four  (4)  in.  in  length  and  one  (i)  in.  in  diam- 
eter. Special  jaws  made  with  tang  ends  or  bodies  of  one  (i)  in.  and 
three-quarters  (54)  '".  round  may  be  used  for  immediate  connections 
to  high  signals,  dwarf  signals,  torpedoes,  selectors,  etc.,  where  the  resist- 
ance is  less  than  one  hundred   (100)   lbs. 
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OFFSETS. 

8i.  Offsets  in  pipe  lines  shall  be  made  in  jaws,  or  in  iron  rod 
one  and  one-quarter  (i^)  in.  in  diameter.  The  total  offset  between 
any  two  supports  shall  never  exceed  t^vo  and  three-quarters  (2^4)  in. 
No  offsets  shall  be  made  in  cranks  to  exceed  one  and  one-quarter 
(i^)   in. 

COMPENSATORS     FOR     PIPE. 

83.  A  compensator  shall  be  provided  for  each  pipe  line  over  fifty 
(50)  ft.  in  length  and  under  eight  hundred  (800)  ft.,  with  crank  arms 
eleven  by  thirteen  (11x13)  in.  centers.  From  eight  hundred  (800)  to 
twelve  hundred  (1,200)  ft.  in  length,  crank  arms  shall  be  eleven  by 
sixteen  (11x16)  in.  centers.  Pipe  lines  over  twelve  hundred  (1,200) 
ft.  in  length  shall  be  provided  with  an  additional  compensator. 

Compensators  shall  have  one  sixty  (60)  degree  and  one  one  hun- 
dred and  twenty  (120)  degree  angle  cranks  and  connecting  link, 
mounted  in  cast-iron  base,  having  top  of  center  pins  supported.  The 
distance  between   center  of  pin   holes   shall  be   twenty-two    (22)    in. 


87.  Facing  point  locks   shall  be   used   on  all   switches,   and   derails. 

88.  Lock  castings  shall  be  placed  on  outside  of  tracks  and  bolted 
to  tie  through  a  tie  plate  one-half  by  six  (^x6)  in.  placed  on  top 
of  tie   and   securely   fastened   thereto. 

89.  Plungers  shall  be  one  (i)  in.  in  least  dimension  and  twenty 
(20)  in.  in  length;  have  a  stroke  of  eight  (8)  in.  and  stand  not  more 
than  one  (i)  in.  clear  of  lock  bar  when  switch  is  unlocked,  and  the 
locking   ends    shall   be   square. 

90.  Lock  rods  for  facing  point  locks  shall  be  run  direct  without 
side  bend  or  goose  neck  from  front  rods  into  lock  castings.  Holes 
in  lock  bar  shall  have  square  edges  and  shall  be  not  more  than  one 
and  one-sixteenth   (lyV)   i"-  in  least  dimension. 

91.  All  facing  point  switches,  derails  and  movable  point  frogs  on 
high  speed  routes  shall  be  bolt  locked  with  signals  governing  such  route. 

In  all  cases  where  switch  and  lock  movements  are  used,  bolt  locks 
shall   also   be   used. 

92.  The  switch  bar  on  all  bolt  locks  shall  have  an  independent 
connection  to   switch  point. 

93.  The  signal  bar  on  bolt  lock  shall  be  made  of  mild  steel  and 
be   a  part  of  the   line   and  not   lugged   or  looped   in.     The   switch   and 
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signal  bars  shall  be  five-eighths  by  one  and  three-quarters  (Hxi^) 
in.  section.  The  notch  in  the  signal  bar  shall  not  be  more  than  one 
and  one-half  (ij^)  in.  in  length.  When  two  or  more  signal  bars  are 
used  in  one  bolt  lock,  they  shall  be  so  arranged  that  each  bar  must 
enter    its    proper    slot    in    the    switch    bar. 

DETECTOR     BARS. 

98.  Detector  bars  shall  be  arranged  to  give  fifty  (50)  ft.  continu- 
ous   protection    for    all    switches,    derails    and    movable    point    frogs. 

99.  Detector  bars  shall  be  made  of  three-eighths  by  two  and  one- 
quarter  iH^^/i)  in-  steel,  have  square  ends  and  bolted  joints;  fifty 
(50)    ft.   bars   shall   consist  of  three  pieces. 

100.  Detector  bars  shall  be  placed  on  outside  of  rails,  and  move 
in  a  plane  inclined  toward  center  of  track;  on  curves  the  bar  shall  be 
placed  alongside  of  the  outer  rail.  Top  of  bar  shall  stand  one-quarter 
(J4)  in-  below  top  of  rail  when  lock  lever  is  at  end  of  stroke  and 
shall  rise  not  less  than  three-quarters   (^)  in.  above  rail. 

loi.  Supports  shall  be  placed  six  (6)  in.  and  twenty-four  (24) 
in.,  respectively,  from  the  ends,  and  the  remaining  supports  not  over 
four  (4)  ft.  apart.  The  driving  piece  shall  be  placed  midway  between  two 
supports  and  the  driving  rod  shall  be  not  less  than  six  (6)  ft.  in 
length,  except  when  rocker  shafts  are  used.  Connection  from  pipe  line 
to  driving  piece  shall  be  as  nearly  parallel  with  the  track  as  possible. 
The  crank  end  of  driving  rod  shall  be  located  not  more  than  eight 
(8)  in.  from  outside  of  rail.  Where  rocker  shafts  are  used  they  shall 
be  made  from  two  (2)  in.  square  cold  rolled  steel,  with  movable 
bearings    and    crank    arms    interchangeable    with    leadout    rocker    shafts. 

102.  Where  detector  bar  overlaps  switches,  special  rail  braces  shall 
be  provided  by  the   company. 

SWITCH     AND    LOCK     MOVEMENTS. 

108.  Switch  and  lock  movements  shall  be  used  for  derails,  Scotch 
blocks  and  torpedo  machines  only,  and  not  more  than  one  (i)  shall 
be  connected  to  a  lever. 

ADJUSTMENTS. 

112.  One  turnbuckle  shall  be  put  in  each  pipe  line  between  the 
two  foundations  nearest  the  crank  at  switch  and  lock  movement  and 
facing  point   lock. 

Wire  lines  for  distant  signals  shall  be  provided  with  two  adjusting 
screws   for  each  wire — one  in   tower   and   one  at  base  of  signal  pole. 
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113.  Turnbuckles  shall  be  made  of  wrought-iron,  with  right  and 
left  hand  thread,  and  be  capable  of  giving  an  adjustment  of  not  less 
than  six   (6)    in. 

114.  Wire  adjusting  screws  shall  be  made  of  wrought-iron,  not 
less  than  one-half  (H)  in.  in  diameter,-  with  right  and  left  hand  thread, 
and  shall  be  capable  of  giving  an  adjustment  of  not  less  than  twelve 
(12)    in. 

115.  Switches,  derails  and  movable  point  frogs  shall  be  provided 
with    a   special   adjustment   riveted   to   the    head    rod. 

116.  Split  point  derails  shall  open  not  less  than  three  and  one- 
half   (35^)    in.     Lifting  derails  shall  open  not  less  than  five    (5)    in. 

117.  Switches  and  movable  point  frogs  shall  open  not  less  than 
four    (4)    in. 

118.  Where  bolt  locks  are  used,  screw  jaws  or  adjusting  screws 
shall  be  placed  in   the   signal   line   on   each   side  of  the  bolt  lock. 


125.  The  height  of  dwarf  signal  poles  shall  be  such  that  the 
lower  signal  arm  will  stand  not  more  than  one  and  one-half  (1V2) 
ft.   above   top  of  rail   in   normal   position. 

126.  Semaphore  arms  on  the  same  high  pole  shall  be  placed  not 
less  than  six    (6)    ft.   from  center  to  center. 

127.  High  signal  arms  shall  be  made  of  well-seasoned,  clear  white 
ash,  or  equally  good  material.  Dwarf  signal  arms  shall  be  made 
flexible. 

128.  All  high  arm  castings  shall  be  capable  of  holding  three  glasses 
six  and  one-half  (614)  in.  in  diameter  or  eight  and  three-eighths  (8^) 
in.  in  diameter  and  one-quarter  (/4)  i"-  in  thickness.  The  back 
light  shall  be  two  (2)  in.  in  diameter.  Dwarf  signal  castings  shall 
be  capable  of  holding  two  glasses  six  and  one-half  (6.i'2)  in.  in  diam- 
eter and  furnished  with  back  glasses  two  (2)  in.  in  diamettr  when 
required. 

129.  Up  and  down  rods  for  signals  shall  be  guided  every  six  (6) 
feet  and  so  'connected  to  the  arm  castings  that  the  arms  will  be  pushed 
to   the   clear  position. 

130.  All  signals  shall  be  provided  with  counterweights  to  assist 
arm    10    gravitate    to    the    horizontal    position. 

131.  On  wire  connected  signals,  the  counterbalance  lever  shall  be 
set  parallel  with  the  tracks. 
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WIRE. 

140.  Signal  wires  shall  be  unannealed  galvanezed  steel  No.  9  B. 
W.  G.  (.iso-in.  in  diameter).  The  wires  shall  be  cylindrical,  free  from 
scales,  inequalities,  flaws,  splits  and  other  defects.  Each  coil  shall 
consist  of  one  continuous  wire  not  less  than  2,500  ft.  in  length,  without 
joints,  and  shall  be  at  least  five    (5»)    ft.  in  diameter. 

WIRE    CONNECTIONS. 

143.  Two  wires  shall  be  used  for  operating  each  wire  connected 
signal;  the  normal  operating  wire  shall  have  one  and  one-half  (il^) 
in.  more  stroke  than  the  reverse  operating  wire. 

144.  Wire  lines  shall  be  carried  in  wire  carriers  on  stakes  placed 
not  more  than  twenty-one  (21)  ft.  apart  and  not  less  than  six  (6)  ft. 
from  gage  side  of  nearest  rail,  except  where  they  can  be  conveniently 
carried  on  pipe  line  foundations,  in  which  case  three  (3)  in.  blocks 
shall  be  used  to  keep  wire  above  intervening  foundations. 

145.  Where  wire  lines  lead  around  curves,  the  carriers  shall  be 
placed  at  the  proper  angle  to  prevent  wire  leaving  groove  of  pulley. 

146.  Turns  in  wire  lines  shall  be  made  around  wheels  with  con- 
tinuous pieces   of  chain   made  of  one-quarter    (J^)    in.   iron. 


151.  Chain  wheels  shall  be  of  cast-iron  ten  (10)  in.  in  diameter, 
except  on  dwarf  signals,  which  may  have  a  minimum  diameter  of  six 
(6)  in.  Not  more  than  three  wheels  are  to  be  arranged  in  the  same 
vertical   Hne. 

WIRE     CARRIERS. 

158.     Sheaves   shall   be   two    (2)    in.   in  diameter  over  all. 

WIRE    THIMBLES. 

162.  Standard  three-quarters  (^)  in.  thimbles  shall  be  used  in 
making   wire  connections. 

SPLIT    LINKS. 

165.  Split  links  shall  have  three-quarters  by  one  and  one-half 
(^xi^)  in.  inside  dimensions  and  be  made  of  five-sixteenths  (  f g )  in. 
steel.     After  connections  are  made  points   shall  be  closed. 

LAMPS. 

168.     Lamps    shall    be    furnished   by    the    company. 
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FOUNDATIONS. 

171.  Pipe  carrier  foundations  shall  be  concrete,  8x12x24  in.,  and 
have  top  of  white  oak,  two  and  one-half  by  eight  (2i/^x8)  in.  The 
top  shall  be  fastened  to  the  foundation  by  two  one-half  by  ten  (J^xio) 
in.    hook   bolts. 

172.  Cranks  and  compensators  shall  be  bolted  to  cast-iron  piers 
set  in  a  block  of  concrete  not  less  than  two  and  one-half  by  four  by 
three    (21^x4x3)    ft. 

173.  Foundations  for  L.  J.  compensators  and  dwarf  signals  shall 
be  concrete,  not  less  than  two  and  one-half  by  four  by  three  (2^x4x3) 
ft. 

174.  The  iron  piers,  cranks,  compensators  and  wheels  shall  be 
arranged  with  slots  to  hold  three-fourths  (^)  in.  bolts.  Plank  to 
hold  dwarf  signals  and  deflecting  bars  to  be  fastened  in  a  similar  manner. 

175.  Foundations  for  iron  bracket  poles  shall  be  of  concrete,  not 
less   than   four  by  four  by  five    (4x4x5)    ft. 

176.  Wood  top  for  dwarf  signal  and  deflecting  bar  foundations 
shall  be   three  by  twelve    (3x12)    in.   white   oak. 

177.  Foundations  shall  be  so  constructed  that  apparatus  can  be  re- 
moved  without    disturbing   foundations. 

178.  Wood  stakes  for  wire  lines  shall  be  three  in.  by  four  in. 
by  four   ft.    (3x4  in.x4  ft.)    with  seven    (7)    in.  point. 

179.  Foundations  shall  stand  at  least  ten  (10)  days  after  concrete 
work  is   done  before  being  connected  to  the   apparatus. 


195.  All  pins  shall  be  made  of  steel,  accurately  turned  and  pro- 
vided   with    cotters. 

196.  Center  pins  for  cranks,  compensators  and  switch  and  lock 
movements  shall  be  one  and  one-quarter  (1%)  in.  in  diameter  and 
shall  be  provided  with  a  square  head  or  other  means  for  conveniently 
turning  or   removing  same. 

197.  Connecting  pins  for  cranks,  compensators,  levers,  selectors, 
signals,  bolt  locks,  switches,  etc.,  shall  be  seven-eighths  (^)  in.  in 
diameter  and  have  square  heads. 

BOLTS     AND     SCREWS. 

200.  All  bolts  shall  have  standard  square  or  hexagon  head  and 
nuts. 
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201.  All  lag  screws   shall  be   standard,    with   square   heads. 

202.  Two  one  and  one-half  (1V2)  in.  No.  14  drive  screws  shall 
be   used   to   fasten  each   wire  carrier   to   its   foundation. 

203.  Six  three-eighths  by  one  and  one-half  (^xiJ/2)  in.  elevator 
bonds,  with  head  one  and  one-quarter  (iJ4)  i"-  i"  diameter,  shall  be 
used   to    fasten    each   high   signal   arm   to   casting. 

204.  Two  one-quarter  by  one  (J4^i)  '"•  bolts  shall  be  used  to 
fasten  low  signal  arm  to  casting.  A  single  plate  washer  one-eighth 
by  three-quarters    (/^x^)    in.   shall  be  used  under  bolt  heads. 

205.  Plate  washers  shall  be  used  under  bolt  heads,  nuts  and  heads 
of  lag  screws  where  they  would  otherwise  come  in  contact  with  wood. 

PAINTING. 

210.  The  machine  shall  be  painted  one  priming  coat  and  finished 
with  two  coats  of  black,  to  and  including  the  latch  shoe.  The  levers 
shall  be  painted   three  coats,  as   follows : 

Lock  levers,   blue. 

Distant  signal  levers,  lawn  green,  or  lemon-yellow. 

Home  signal  levers,  vermilion. 

All   other   levers,   black. 

211.  When  a  lever  is  used  for  more  than  one  purpose,  it  shall  be 
painted  to  correspond  with  the  colors  used  on  separate  levers  for  same 
purposes. 

212.  The  unfinished  part  of  latch  handle  inside  shall  be  painted 
same  color  as  lever. 

213.  All  painted  parts  of  machine  above  floor  shall  have  one 
coat   of   varnish. 

214.  The  finished  parts   of  the   machine   shall   not   be   painted. 

215.  Signal  arms  shall  be  painted  one  coat  of  priming  and  two 
finishing  coats. 

216.  Signal  poles  shall  be  given  a  priming  coat  of  graphite  paint 
and   a    finishing   coat    in    accordance   with    company's    standard. 

217.  All  iron  work,  except  detector  bars,  tie  plates  and  iron  foun- 
dations,   shall    be   painted   two    coats    of   graphite    paint. 

218.  All  chain  and  other  iron  work,  not  machine  finished,  shall  be 
dipped   in   oil  before  being   shipped. 

219.  All  boxing  shall  be  painted  two  coats  of  metallic  oxide  paint. 

BOXING. 

225.  Boxing,  when  it  is  required,  shall  be  made  of  good  pine 
lumber,  surfaced  on  one  side.     Planks   two  by  eight    (2x8)    in.   shall  be 
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used  for  the  sides  and  tops,  and,  if  necessary,  one  (i)  in.  rough 
lumber  for  bottom.  All  pipe  and  wire  lines  shall  be  boxed  for  six  (6) 
ft.  from  rail  where  they  cross  tracks ;  and  where  highways  are  crossed 
boxing  with  four  (4)  in.  oak  for  top  and  sides  shall  be  used.  Where 
wires  cross  highway  they  must  run  in  one-half  (^)  in.  galvanized 
pipe,  provided  with  a  stuffing  box  in  each  end,  pipe  to  be  filled  with 
black   oil. 

CONCLUSIONS. 

Your  Committee  begs  to  submit  the  following  conclusions  for  con- 
sideration  of   the   Association : 

(i)  That  the  specifications  for  Mechanical  Interlocking  submitted, 
which  have  been  adopted  by  the  Railway  Signal  Association,  be  adopted 
by    this    Association. 

(2)  That  the  following  principles  of  giving  indications  in  a  signal 
system  be   adopted : 

(a)  On  all  signals  conferring  or  restricting  rights,  a  red  light 
shall  be  the  night  indication  for  stop ;  a  yellow  light  shall  be  the  night 
indication  for  caution,  and  a  green  light  the  night  indication   for  clear. 

(b)  That  the  day  indications  of  semaphore  signals  be  given  in 
the  upper  right  hand  quadrant. 

(c)  That  the  semaphore  arm  horizontal  shall  indicate  stop ;  inclined 
upward  45  degrees,  caution ;  and  inclined  upward  90  degrees,  proceed. 

(3)  That  the  division  of  expense  of  the  operation  and  maintenance 
of  Interlocking  Plants  be  divided  on  a  unit  basis,  and  that  the  Associa- 
tion adopt  the  division  of  this  basis  according  to  the  table  submitted 
by    the    Committee. 

(4)  That  the  Executive  Committee  of  the  Association  be  requested 
to  take  up  the  question  with  the  Executive  Committee  of  the  American 
Railway  Association  of  bringing  about  a  joint  meeting  of  the  Signaling 
Committees   of  the  two   Associations. 

Respectfully    submitted, 

W.   A.   D.   Short,   Consulting   Signal   Engineer,    Chicago,   111.,    Chairman. 

A.  H.  RuDD,  Assistant  Signal  Engineer,  Pennsylvania  Railroad,  Phila- 
delphia, Pa.,  Vice-Chairman. 

AzEL  Ames,  Jr.,  Signal  Engineer,  New  York  Central  &  Hudson  River 
Railroad,  New  York,  N.  Y. 

C.  C.  Anthony,  Inspector  of  Signals,  Pennsylvania  Railroad,  Phila- 
delphia, Pa. 
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H.  S.  Balliet,  Engineer  Maintenance  of  Way,  Grand  Central  Station 
and  Electric  Division,  New  York  Central  &  Hudson  River  Railroad, 
New   York,    N.   Y. 

L.  R.  Clausen,  Signal  Engineer,  Cliicago,  Milwaukee  &  St.  Paul  Rail- 
way, West   Milwaukee,   Wis. 

Chas.  a.  Dunham,  Signal  Engineer,  Great  Northern  Railway,  St.  Paul, 
Minn. 

G.  E.  Ellis,  Signal  Engineer,  Chicago,  Rock  Island  &  Pacific  Railway, 
Chicago,   111. 

J.  C.  Mock,  Electrical  Engineer,  Detroit  River  Tunnel  Company,  De- 
troit,   Mich. 

J.  A.  Peabody,  Signal  Engineer,  Chicago  &  Northwestern  Railway, 
Chicago,    111. 

W.  B.  Scott,  Assistant  Director  of  Maintenance  and  Operation,  Har- 
riman  Lines,   Chicago,   111. 

Thos.  S.  Stevens,  Signal  Engineer,  Atchison,  Topeka  &  Santa  Fe 
Railway  System,  Topeka,  Kan. 

J.  E.  Taussig,  Terminal. Superintendent,  Wabash  Railroad,  St.  Louis,  Mo. 

H.  H.  Temple,  Superintendent,  Baltimore  &  Ohio  Railroad,  New  Castle,  Pa. 

H.  M.  Waite,  Superintendent,  Seaboard  Air  Line,  Birmingham,  Ala. 
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DISCUSSION. 

Mr.  A.  H.  Rudcl  (Pennsylvania  Railroad)  : — The  Committee  on 
Signaling  and  Interlocking  has  formulated  conclusions,  which  are  shown 
on  page  22  of  Bulletin  No.  85,  as  follows: 

"(i)  That  the  specifications  for  Mechanical  Interlocking  submitted, 
which  have  been  adopted  by  the  Railway  Signal  Association,  be  adopted 
by  this  Association." 

In  this  connection  I  would  say  that  last  year  this  Association  adopted 
standard  specifications  for  mechanical  interlocking  and  material  for 
construction  work,  with  the  understanding  they  were  to  be  corrected 
in  a  few  minor  details.  Since  then  the  Committee  of  the  Railway 
Signal  Association  has  gone  over  them  and  corrected  the  wording  in 
a  number  of  places  and  made  a  few  minor  changes  as  to  dimensions, 
etc.,  where  errors  occurred.  Substantially  these  are  the  specifications 
submitted  last  year,  polished  up,  and  the  Committee  would  be  glad  to 
have  them  adopted,  unless  some  discussion  is  desired,  as  it  is  rather  a 
matter  of  routine. 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — I  understand  from  the  Com- 
mittee it  is  their  desire  to  have  the  specifications  adopted  just  as  they 
are,  in  order  to  harmonize  with  the  action  of  the  other  association. 
Is  that  the  intention? 

Mr.  Rudd : — The  specifications  adopted  last  year  were  those  pre- 
pared by  the  Railway  Signal  Association,  in  which  some  errors  occurred. 
The  time  did  not  permit  us  to  correct  them  before  presenting  the  report 
here,  at  the  last  meeting.  They  have  since  been  corrected  and  adopted 
by  the  Railway  Signal  Association  with  the  corrections,  and  we  would 
be  glad  to  have  this  Association  adopt  them  in  the  same  way  and 
endorse  the  action  of  the  Railway  Signal  Association.  I  might  say,  in 
view  of  the  feeling  evidenced  here  last  year  in  a  number  of  cases  where 
it  was  asked  what  action  the  Railway  Signal  Association  had  taken 
in  these  different  matters,  that  association  appointed  a  committee  to 
consider  all  the  matters  which  were  referred  to  your  Committee  by  the 
Maintenance  of  Way  Association.  That  committee  made  its  report  to 
the  Railway  Signal  Association  in  October,  and  the  results  of  these 
reports  are  brought  in  as  the  report  of  your  Committee  to  this  Asso- 
ciation. The  Railway  Signal  Association  is  now  waiting  until  your  new 
Committee  is  appointed  here,  and  all  the  members  of  this  Committee 
who  are  members  of  the  Railway  Signal  Association  will  act  on  the 
Signal  Association  committee  to  bring  forth  all  these  propositions  in 
October  next.     That  gives  the  Railway  Signal  Association  an  opportunity 

90 


DISCUSSION  ON  SIGNALING  AND  INTERLOCKING.        91 

to  act  on  anything  which  comes  before  this  Association,  in  October, 
and  for  us  to  submit  the  result  of  their  action  to  you  in  March.  Of 
the  existing  Committee,  twelve  of  the  members  of  your  Committee  here 
are  members  of  the  Railway  Signal  Association  committee. 

Mr.  A.  R.  Raymer  (Pittsburg  &  Lake  Erie)  :— I  make  a  motion  that 
the  standard  specifications  for  mechanical  interlocking  and  material  for 
construction  work,  as  it  appears  on  pp.  ii  to  22,  inclusive,  be  approved 
by  this  Association  and  published  in  the  Manual  of  Recommended 
Practice. 

The  President : — Discussion  is  now  in  order  on  the  motion  of  Mr. 
Raymer. 

Mr.  W.  C.  Gushing  (Pennsylvania  Lines)  : — I  would  like  to  ask  if 
the  table  for  lazy  jacks  on  page  15  is  the  same  as  already  approved 
and  in  the  Manual  of  Recommended   Practice? 

The  President : — Yes,  the  two  tables  are  identical. 

(The  motion  was  carried.) 

Mr.  Rudd : — The  Committee  desires  that  the  discussion  on  paragraph 
2  be  deferred  until  action  is  taken  on  paragraph  3,  so  as  to  give  most 
of  the  time  that  is  available  for  discussion  to  paragraph  2.  The  con- 
clusion in  paragraph  3  is  as  follows : 

"(3)  That  the  division  of  expense  of  the  operation  and  mainte- 
nance of  interlocking  plants  be  divided  on  a  unit  basis,  and  that  the 
Association  adopt  the  division  on  this  basis  according  to  the  table  sub- 
mitted   by    the    Committee." 

The  table  referred  to  in  conclusion  3  is  found  on  page  10,  beginning 
with  the  paragraph,  "The  subject  of  operation  and  maintenance  of  joint 
interlocking  plants  has  been  gone  into  thoroughly  by  the  Committee,"  etc. 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — I  inquire  of  the 
Committee  if  it  would  not  serve  all  purposes,  instead  of  going  into 
so  much  detail  as  to  operated  units,  to  take  the  levers  as  a  basis.  The 
lever  operates  certain  switches  or  signals,  whatever  it  happens  to  be. 
Why  is  not  the  lever  basis  just  as  fair  as   all  this   detail? 

Mr.  L.  R.  Clausen  (Chicago,  Milwaukee  &  St.  Paul)  : — The  objec- 
tion to  making  a  division  of  expense  of  operation  at  joint  interlocking 
plants  on  the  lever  basis  is  that  when  a  new  plant  is  installed  there 
is  a  tendency  on  the  part  of  the  company  who  desire  to  make  their 
proportion  of  maintenance  and  operation  as  small  as  possible,  to  load 
up  the  levers.  In  other  words,  to  put  a  switch  and  a  derail  on  one 
lever,  or  put  two  or  three  bars  on  one  lever,  where  a  separate  lever 
should  be  used  for  each  operated  unit.  If  your  signal  engineers  or 
the  representatives  of  the  railroad  companies  are  entirely  fair  in  the 
matter,  they  can  probably  adjust  it,  but  this  tendency  has  led  in  the 
past  to  considerable  controversy,  and  to  avoid  this  in  the  future  the 
members  of  this  Committee  thought  it  advisable  to  make  the  division 
on  the  basis  of  the  number  of  operated  units.  If  the  division  is  made 
on  this  basis  there  can  be  no  chance  for  controversy,  such  as  we  have 
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had  in  the  past.  The  Eastern  roads  will  not  feel  this  so  much  as  we 
do  in  the  West;  but  in  the  West  there  are  so  many  interlocking  plants 
that  we  feel  the  need  of  some  standard  means  of  arriving  at  a  division 
of  maintenance  and  operating  expense,  as  well  as  the  cost  of  installa- 
tion. I  might  add  if  the  lever  basis  is  used  for  the  division  of  mainte- 
nance and  operating  expenses,  an  additional  clause  is  required  in  the 
contract  providing  that  one  lever  shall  be  used  for  each  operated  unit, 
except  as  the  representatives  of  the  railroad  companies  may  agree 
otherwise. 

Mr.  Frank  Rhea  (Pennsylvania  Lines)  : — I  would  move  the  sub- 
stitution of  the  word  "renewal,"  for  the  word  "operation"  in  the  con- 
clusion. I  think  it  is  wrong  in  principle  and  inequitable  in  results  to 
divide  the  interlocking  expense  for  operation  on  the  basis  of  levers,  or 
functions  of  operated  units.  I  think  that  should  be  an  arbitrary  division, 
based  on  the  number  of  companies  interested,  for  this  reason :  That  on 
a  single-track  railroad  crossing  a  double-track  railroad,  with  propor- 
tionately the  same  amount  of  traffic  on  one  track  as  in  the  case  of  the 
double-track  railroad  with  two  tracks,  the  division  will  be  10/28  against 
18/28.  A  single-track  road  may  build  another  track,  which,  in  that 
event,  will  reduce  the  operating  expense  to  an  equal  division  between 
the  two  companies,  changing  the  operating  expense  but  very  little, 
possibly  a  fraction  of  i  per  cent.  Therefore  it  is  my  opinion  that  the 
operating  expense  should  be  on  an  arbitrary  basis,  regulated  by  the 
number  of  companies  interested  in  the  plant,  for  the  reason  that  the 
division  on  a  function  or  operated  imit  basis  is  inequitable.  I  would 
make  the  paragraph  read,  "That  the  division  of  expense  of  the  renewal 
and  maintenance  of  interlocking  plants  be  divided  on  a  unit  basis,"  etc., 
thus  striking  out  the  word  "operation"  and  substituting  the  word  "re- 
newal." I  might  add  that  renewal  is  not  exactly  maintenance.  In  my 
experience  I  have  known  of  at  least  two  controversies,  when  it  came 
to  an  actual  renewing  of  tlic  plant,  particularly  the  rebuilding  of  a 
tower  and  the  replacing  of  the  machine. 

Mr.  Clausen : — Mr.  Rhea's  point  is  well  taken,  and  it  does  seem 
in  a  great  many  instances  as  though  it  were  improper  to  divide  the 
operation  on  the  basis  of  the  number  of  operated  units,  and  this  very 
question  has  led  to  considerable  controversy  among  the  Western  roads. 
It  seems  that  now  is  a  good  time  to  arrive  at  some  definite  means 
of  dividing  the  operation,  and  while  in  some  particular  instances  it 
may  be  inequitable,  in  the  long  run  it  will  prove  perfectly  fair  and  just. 
At  the  present  time  the  practice  on  tlie  Chicago,  Milwaukee  &  St.  Paul 
road  has  been  not  to  consider  the  operation  when  adding  to  or  renewing 
a  plant,  but  to  divide  the  maintenance  and  renewals  as  suggested  by 
Mr.  Rhea.  Personally,  I  am  almost  convinced  that  the  time  has  now 
arrived  when  the  proper  thing  to  do  is  to  use  the  same  basis  for  dividing 
the   operation. 

Mr,    Rhea : — I    cannot    admit    Mr.    Clausen's    conclusions,    for    the 
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reason  that  the  operation  of  the  interlocking  machine  is  the  expense 
for  which  you  want  to  provide.  The  maintenance  expense  is  not  as 
serious  a  consideration  as  the  operating  expense.  The  operating  expense 
of  an  interlocking  machine  with  twelve-hour  tricks  is  substantially  $150 
a  month.  It  does  not  make  very  much  difference  whether  that  machine 
has  18  or  20  functions — which  is  tha  usual  number  for  single  track  line 
crossing  a  single  track  line — or  whether  it  is  a  double  track  line  cross- 
ing a  single  track  line,  or  two  double  track  lines  crossing  each  other. 
The  maintenance  expense  for  a  machine  of  that  size  is,  I  presume,  on 
an  average  $50  a  month.  Therefore,  the  operating  expense  is  the  large 
future  expense,  which  is  fixed,  and  which  you  must  anticipate.  With 
the  new  law,  which  will  go  into  effect  the  4th  of  March  next,  that  oper- 
ating expense  will  be  increased  very  materially  and  makes  this  question 
a  matter  of  even  more  serious  consideration.  It  does  not  make  very 
much  difference  whether  the  one  road  has  one  train  a  day,  or  two 
trains  a  day,  or  loo"  trains,  or  200  trains ;  you  must  keep  the  operators 
just  the  same.  It  is  not  a  question  of  the  amount  of  work  a  man  has 
to  do,  but  a  question  of  the  man  being  there  to  perform  the  work 
necessary  for  the  passage  of  trains.  It  is  not  a  laborious  proposition 
as  a  rule  which  enters  into  the  operation  of  an  interlocking  plant,  but 
the  fact  that  you  are  obliged  to  have  a  constant  attendant,  whether  there 
is  one  train  a  day  or  one  hundred  trains  a  day  going  over  the  road. 

Mr.  Rudd : — The  Committee  will  adopt  Mr.  Rhea's  amendment, 
largely  in  view  of  the  fact  that  the  question  of  the  division  of  the 
operating  expense  does  not  pertain  to  the  work  of  this  Committee  or 
of  this  Association. 

Mr.  Gushing :— I  will  ask  Mr.  Rhea  to  repeat  his  proposed  basis 
for  the  division  of  the  operating  expenses.     Has  he  made  any  motion? 

Mr.  Rhea : — I  did  not  intend  to  make  a  motion  in  regard  to  the 
operation,  but  contend  that  it  is  best  divided  on  an  arbitrary  basis 
between  the  companies  interested.  If  there  are  two  companies  inter- 
ested, the  proportions  will  be  50  per  cent,  each ;  if  three  companies, 
one-third  each ;  if  six  companies,  one-sixth  each — an  arbitrary  division, 
based    directly   on    the   number   of   companies    interested. 

Mr.  Gushing: — Would  you  move  to  strike  out  all  consideration  of 
operation   in   this    report? 

M'r.  Rudd : — The  Committee  would  adopt  the  suggestion  of  Mr. 
Rhea  as  far  as  this  amendment  is  concerned,  cutting  out  the  question 
of  operation  entirely.  We  do  not  feel  that  it  is  our  province  to  decide 
what  the  division  of  the  cost  of  operation  shall  be.  From  the  standpoint 
of  the  Association  it  is  our  province  to  decide  the  division  of  expense 
in  maintenance  and  installation"  of  work  which  we  have  to  do.  When 
it  comes  to  the  question  of  operation,  that  apparently  devolves  upon 
another  association. 

Mr.  Rhea : — I  would  like  to  add  then  to  my  motion,  carrying  out 
paragraph  3,  that  the  expense  of  operation  be  divided  directly  as  to 
the    number    of    companies    interested. 
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Mr.  Ewing: — That  will  work  hardship  in  a  good  many  cases.  I 
have  in  mind  quite  a  number  of  interlocking  plants  at  this  time  that 
are  controlled  entirely  by  prior  rights.  I  do  not  know  anything  about 
the  complex  crossing  problems  in  the  West,  but  it  is  a  question  largely 
in  the  East  of  those  having  prior  rights,  and  if  the  motion  prevails, 
then  the  roads  that  were  there  first  and  have  the  absolute  right,  have 
got  to  join  in  the  operating  expense,  which,  in  my  judgment,  is  entirely 
wrong. 

Mr.  Rhea: — I  think  tlie  agreements  in  each  instance  will  take  care 
of  that  particular  feature.  I  know  of  many  agreements  which  originally 
provided  for  crossing  watchmen.  Wllien  it  came  time  to  interlock,  arbi- 
traries  have  been  provided  in  the  agreement  to  take  care  of  these  fixed 
expenses  of  the  watchmen,  or  any  other  fixed  expenses.  This  is  not 
intended,  as  I  understand  it,  to  override  the  provisions  of  any  recog- 
nized existing  agreements.  They  have  prior  right  over  anything  which 
could  be  enacted  here.  As  a  rule,  the  older  crossing  agreements  very 
largely  take  care  of  the  crossing  watching  expense.  I  am  possibly 
taking  my  position  in  this  matter  very  largely  from  the  standpoint  of 
the  company  which  I  represent,  in  that  we  are,  as  a  rule,  the  older 
company,  and  we  have  in  a  great  many  instances  carried  through  this 
arbitrar}'  for  the  watchman,  which  was  favorable  to  our  company.  Then 
we  have  divided  the  operating  expenses  arbitrarily  which  were  incurred 
over  the  expense  of  the  crossmg  watchman. 

Mr.  Clausen: — I  have  no  particular  objection,  and  I  do  not  think 
the  other  members  of  the  Committee  have,  to  the  other  part  of  Mr. 
Rhea's  motion,  that  we  strike  out  the  word  "operation"  and  use  the 
word  "renewal;"  the  word  "operation"  seems  to  be  objectionable. 
Perhaps  the  Committee  has  not  looked  into  it  fully.  However,  I  object 
to  the  latter  part  of  the  motion,  requiring  an  arbitrary  division  of 
operating  expense,  and  would  rather  suggest  that  that  part  of  the 
subject  pertaining  to  operation  be  referred  back  to  the  Committee,  with 
instructions  to  bring  in  suggestions  next  year  as  to  a  division  of  oper- 
ating expense.  What  Mr.  Ewing  has  said  in  regard  to  operating  ex- 
pense is  entirely  true,  and  whatever  action  is  taken  on  this  Committee's 
report,  either  this  year  or  next  year,  will  probably  not  affect  those 
crossings  where  agreements  are  in  effect,  and  the  agreements  covering 
those  crossings  made  previous  to  this  date,  and  also  State  laws,  will 
take  precedence  over  any  action  that  we  may  take.  I  believe  in  the 
State  of  Iowa  there  is  a  law  requiring  the  company  first  on  the  ground 
to  pay  one-third  of  the  cost  of  installation  and  maintenance  of  all 
interlocking  plants  that  are  installed  when  the  second  company  crosses. 
That  would,  of  course,  take  precedence  over  any  action  that  we  would 
take. 

Mr.  W.  A.  D.  Short  (Consulting  Signal  Engineer)  : — In  line  with 
what  Mr.  Clausen  says,  the  Committee's  work  in  this  particular  instance 
is  something  to  work  on.  All  the  contracts  that  we  need  to 
take  into  consideration  include  the  cost  of  operation   as   well   as   mainte- 
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nance,  and  what  we  are  working  toward  is  to  get  a  uniform  contract 
that  will  be  general  on  all  the  railroads.  Some  of  the  roads  in  this 
State  have  half  a  dozen  different  types  of  contract  with  other  roads, 
and  nearly  every  interlocking  and  grade  crossing  contract  takes  in  the 
cost  of  operation  as  well  as  maintenance.  What  the  Committee  desires 
is  to  bring  forth  discussion,  so  that  next  j-ear  it  will  have  something 
to  offer  as  a  proper  method  of  dividing  this  expense  and  making  a 
uniform  contract.  It  has  to  do  more  with  the  roads  in  the  West  and 
Middle  West  than  in  the  East,  as  there  are  not  so-  many  joint  propo- 
sitions with  the  Eastern  roads  as  we  have  here.  That  is  the  reason 
that  the  word  "operation"  was  put  in  here,  because  nearly  all  the  con- 
tracts— grade  crossing  contracts  and  interlocking  contracts — have  that 
word  in  them.  As  Mr.  Clausen  says,  in  most  cases  the  cost  of  the 
operation  is  fixed  by  State  laws,  one-third  for  the  old  road  and  two- 
thirds  for  the  new  road,  and  the  question  is  really  an  open  one,  as 
to  whether  the  operation  should  be  considered  or  not,  but  the  cost  of 
operation   is   always    considered    in   the   contract. 

M'r.  Rudd : — The  majority  of  the  Committee  seem  to  be  of  the 
opinion  that  the  question  of  operation  should  be  taken  into  consideration. 
You  will  notice  further  along  in  our  report  we  ask  for  a  conference 
with  the  American  Railway  Association  committee  on  some  other 
matters,  and  it  might  be  that  this  matter  would  be  considered  at  such 
a  conference.  It  should  certainly  go  over  until  next  year.  As  the 
Committee  stated,  it  is  willing  to  accept  the  amendment  offered  by  Mr. 
Rhea,  so  as  to  make  this  cover  renewals  and  maintenance  only,  with 
the  understanding  that  if  it  is  desired  the  Committee  will  take  up  the 
question  of  division  of  operating  expense  next  year,  but  it  does  not 
seem  to  the  Committee  that  this  question  should  be  settled  now. 

The  President : — The  chair  did  not  hear  a  second  to  the  motion. 

Mr.  Ewing: — I  was  going  to  ask  as  to  installation  of  the  plant. 
Should  not  installation  also  be  included  with  operation  and  maintenance — 
the  cost  should  cover  installation,   operation   and  maintenance? 

Mr.  Gushing: — There  is  no  motion  before  the  Association.  I  move 
that  for  the  word  "operation"  there  be  substituted  the  words  "installation 
and  renewal,"  so  that  it  would  read,  "the  division  of  expense  of  the 
installation,  renewal  and  maintenance,  etc."  1  think,  as  ^Ir.  Rhea  does, 
that  the  matter  of  operation  should  be  on  an  entirely  different  basis, 
and  should  not  be  mixed  up  with  the  basis  of  renewal,  maintenance  and 
installation. 

Mr.   Rudd: — That  is   satisfactory  to  the  Committee. 

The  President: — The  alteration  having  been  accepted,  it  will  be 
considered  approved   in  its   amended   form,  unless   there  is   objection. 

M'r.    Rudd : — The   second    conclusion    reads   as    follows : 

"(2)  That  the  following  principles  of  giving  indications  in  a  signal 
system  be  adopted:  (a)  On  all  signals  conferring  or  restricting  rights, 
a  red  light  shall  be  the  night  indication  for  'stop;'  a  yellow  light  shall 
be  the  night  indication  for  'caution,'  and  a  green  light  the  night  indica- 
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tion  for  'clear ;'  (b)  that  the  day  indications  of  semaphore  signals  be 
given  in  the  upper  right  hand  quadrant ;  (c)  that  the  semaphore  arm 
horizontal  shall  indicate  'stop;'  inclined  upward  45  degrees,  'caution;' 
and   inclined   upward  90  degrees,    'proceed.'  " 

In  explanation  of  these  conclusions  I  would  refer  to  page  7  of 
Bulletin  No.  85.  The  first  question  recommended  for  adoption  is  para- 
graph   (a). 

Mr.  Gushing: — I  move  that  paragraph    (b)   be  discussed  first. 

The  President; — There  being  no  second  to  the  motion,  paragraph 
(a)    will  be  in   order   for   discussion. 

Mr.  Rudd : — The  proposition  to  make  green  lights  "clear"  and 
yellow  lights  for  "caution"  is  one  that  has  agitated  the  signal  fraternity 
for  a  good  while.  The  change  has  been  made  on  a  large  number  of 
the  roads,  with  very  satisfactory  results.  It  is  conceded  that  a  red  light 
broken  out  of  a  signal  will  display  a  white  light  if  white  is  used  for 
clear,  and  it  is  also  conceded  that  it  is  difficult  to  pick  out  white  lights 
iij  towns  through  which  the  railroads  run,  and  the  only  reason  that 
green  was  not  adopted  long  ago  has  been  the  difficulty  of  getting  a 
third  color,  which  has  been  perfected  within  the  last  two  or  three  years. 
The  practice  in  England  is  green  for  "clear,"  and  it  would  seem  the 
time  has  arrived  when  it  should  receive  the  sanction  and  approval  of 
this  Association.  It  was  unanimously  adopted  at  the  last  meeting  of  the 
Railway   Signal   Association   at   Washington. 

The  President :- — The  chair  would  ask  the  members  present  if  the 
system  of  lights  recommended  is  used  on  any  of  the  roads  represented 
here.  The  chair  understands  that  some  of  the  Eastern  roads  have 
adopted  this  system  of  colors  and  are  now  using  it.  It  would  be  inter- 
esting to  have  the  members'  state  whether  the  lines  with  which  they  are 
connected  use  this  system  or  not. 

Mr.  Lincoln  Bush  (Delaware,  Lackawanna  &  Western)  : — The  Lack- 
awanna has  adopted  the   system. 

Mr.  R.  A.  Van  Houten    (Erie)  : — The  E^-ie  Railroad  has   adopted  it. 

Mr.  Hadley  Baldwin  (Cleveland,  Cincinnati,  Cliicago  &  St.  Louis)  : 
— The  Big  Four  has  adopted  it. 

Mr.  G.  W.  Vaughan  (New  York  Central)  : — The  New  York  Cen- 
tral has  adopted  it. 

Mr.  Thomas  S.  Stevens   (Santa  Fe)  :— The  Santa  Fe  has  adopted  it. 

Mr.  Chas.  A.  Dunliam  (Great  Northern)  : — The  Great  Northern  has 
adopted  that  system. 

Mr.  L.  G.  Curtis  (Baltimore  &  Ohio)  :— The  Baltimore  &  Ohio 
Southwestern,  I  understand,  has  adopted  it. 

Mr.  Rudd : — The  New  York,  New  Haven  &  Hartford  has  adopted 
it  and  has  used  it  for  some  time,  and   the  Long   Island  has  also. 

Mr.  Short: — The  Illinois  Central  adopted  it  before  I  left  its  service. 

The  President : — There  is  no  motion  before  the  house  to  adopt  this 
conclusion    (a). 
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Mr.  Rhea: — I  move  the  adoption  of  conclusion   (a). 

Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie)  :— I  would  ask  the 
Committee  whether  they  are  a  unit  in  regard  to  this  system? 

Mr.  Rudd : — I  do  not  think  we  have  ever  had  a  full  meeting  of 
the  Committee,  and  consequently  a  full  vote,  but  a  large  majority  of 
the  Committee  are  in  favor  of  this  "scheme — I  think  probably  12  or  13, 
and  I  am  not  sure  about  the  others. 

(The  motion  was  carried.) 

The  President : — The  next  question  is  on  the  adoption  of  paragraph 
(b). 

Mr.  Rudd : — The  advantages  of  this  have  been  explained  in  the 
report  of  the  Committee.  I  would  say  that  there  are  some  photographs 
of  this  arrangement  of  signals   in  technical  journals  of   recent  issue. 

Mr.  Gushing: — I  move  the  adoption  of  paragraph    (b). 

Mr.  Ewing: — I  want  to  ask  if  the  Committee  have  considered  the 
upper  left  hand  quadrant.  I  have  understood  that  some  members  of  the 
committee  of  the  American  Railway  Association  are  favoring  the  left 
hand   quadrant. 

Mr.  Rudd : — I  am  glad  to  know  the  American  Railway  Association 
is  looking  into  this  matter,  but  your  Committee  did  consider  the  upper 
left  hand  quadrant,  and  we  feared  to  recommend  it.  Of  course,  it  has 
the  advantage  of  bringing  the  arm  over  the  track,  and,  where  you  have 
a  narrow  roadway,  perhaps  taking  the  arm  out  of  the  telegraph  poles, 
but  the  thought  of  the  Committee  was  that  if  this  arm  up  in  the  air 
were  used  it  could  be  installed  at  any  interlocking,  mixed  in  there  with 
the  present  signals,  without  danger,  because  the  horizontal  means  "stop" 
and  the  other  indications  are  distinctive;  but  if  the  arm  pointed  to  the 
left,  the  angle  of  it  would  be  exactly  the  same  as  the  angle  of  the 
back  of  an  arm  for  a  signal  in  the  opposite  direction  and  that  an  engine- 
man,  without  the  signal  being  very  distinctly  painted,  might  take  the 
back  of  the  signal  arm,  which  governs  in  the  opposite  direction,  for 
his  own  arm  "clear."  It  is  a  pretty  serious  objection.  Perhaps  an 
ideal  system  of  signaling  would  be  to  have  the  signal  arms  arranged 
so  that  they  would  give  a  different  indication  than  that  recommended, 
having  horizontal  for  "caution"  and  below  horizontal  for  "stop."  In 
the  same  way  an  ideal  system  of  lights  might  have  green  for  "clear" 
and  white  for  "stop,"  saving  the  third  color,  but  it  was  too  radical  for 
us  to  recommend  it,  and  that  was  one  of  the  main  reasons  it  was  not 
recommended. 

(The  motion  \vas  carried.) 

Mr.  Rudd: — In  regard  to  paragraph  (c),  the  stop  indications  are 
the  same  as  at  present — 45  degrees  half  way  between  clear  and  stop 
for  caution,  and  the  vertical  for  clear,  and  are  very   distinctive. 

Mr.  Ewing: — I  move  the  adoption  of  conclusion    (c). 

(The  motion  was  carried.) 
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Mr.  Gushing: — Now,  that  these  have  been  adopted,  I  would  Hke  to 
call  the  attention  of  the  Signaling  Committee  to  the  fact  that  they  have 
not  revoked  a  former  action,  already  approved,  and  in  the  Manual  or 
Recommended  Practice,  which  it  is  proper  they  should  do.  It  is  their 
duty  to  keep  the  Association  informed,  so  as  to  avoid  any  conflict  or 
confusion  in  what  they  have  done.  We  have  now  one  practice  in  the 
Manual  which  has  not  been  recommended  for  annulment. 

Mr.  Berg: — I  would' suggest  that  the  Committee  be  given  time  to 
report  at  another  session  of  the  convention  precisely  what  part  of  the. 
Manual  should  be  omitted  or  revised,  so  as  to  harmonize  with  the 
present  proceedings,  including  diagrams  to  be  excluded,  etc.  I  think  the 
Committee  ought  to  bring  in  a  precise  statement  for  adoption. 

Mr.  Rudd : — For  information  I  would  like  to  know  if  such  a  pro- 
ceeding would  stamp  the  present  system  of  signaling  as  bad  practice. 
We  consider  this  as  an  improvement.  At  the  same  time,  the  other  will 
probably  exist  a  good  many  years  before  this  comes  into  general  use, 
and  it  may  be  that  it  is  not  possible  to  have  two  different  systems  in 
the  Manual.  It  would  seem  that  there  should  be  some  way  by  which 
we  would  not  cast  any  reflection  on  the  present  system.  It  has  troubles 
enough  of  its  own. 

Mr.  Gushing: — I  think  it  requires  some  definite  statement  by  the 
Committee,  in  the  form  of  a  recommendation,  so  that  it  would  not  be 
confusing  to  people   referring  to   the    Manual. 

Mr.  Berg : — I  think  it  is  up  to  the  Committee  to  harmonize  the 
differences. 

Mr.  Raymer : — As  a  matter  of  information,  I  should  like  to  have 
the  Committee  define  the  scope  of  the  recommendation  made.  Is  it  the 
intention  of  the  Committee  that  light  indications,  red,  yellow  and  green, 
apply  to   main   line   only  or   to   main    line   and   to   sidetrack? 

Mr.  Rudd : — Answering  ]\Ir.  Raymer,  as  a  general  proposition  the 
red  would  be  the  stop  indication,  yellow  for  caution,  and  green  for 
clear,  as  stated.  Some  roads  have  the  practice  of  not  putting  a  stop 
signal  on  their  siding,  switches  or  yard  switches.  Some  roads  use 
green  and  white,  or  yellow  and  green,  and  that  is  a  matter  which  has 
not  been  thoroughly  gone  into  in  this  report,  even  in  the  progress  report. 
This  would  not  prevent  the  roads  adopting  it  from  using  other  lights 
on  their  sidings,  switches,  or  in  yards,   for   instance. 

Mr.  Rhea: — I  think  Mr.  Rudd's  answer  has  brought  out  the  point 
which  I  intended  to  make  and  which  Mr.  Raymer's  question  actually 
suggested,  and  that  is  that  the  Committee  has  not  given  us  the  full 
portent  of  what  this  action  means.  In  other  words,  I  cannot  but  feel 
that  some  of  the  members  here  have  voted  on  some  propositions  which 
will  probably  come  back  to  them  in  next  year's  meeting.  The  question 
I  intended  to  ask  is,  does  the  green  light,  the  night  indication  for 
clear,  in  their  progress  report,  refer  to  the  first  two  types  of  indications 
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restricting  and  conferring  rights?  I  infer,  from  an  analysis  of  the 
progress  report,  that  for  the  aspect  conveying  the  clear  position  of  their 
indicators,   they  are  to  use.  some  other  color  than  green. 

Mr.  Rudd : — I  think  Mr.  Rhea  is  unduly  alarmed  by  the  troubles 
the  members  have  gotten  into  by  voting  for  this.  The  color  proposition 
is  pretty  broad,  and  the  vote,  as  I  'understand  it,  has  nothing  to  do 
with  any  scheme  of  signals  which  anybod\'  may  suggest,  arranging 
different  lights  in  different  positions,  or  anything  of  that  kind.  It 
simply  means  that  at  present  roads  adopting  this  will  use  green  where 
they  now  use  white  for  clear,  and  will  use  yellow  where  they  now 
use  green  for  caution,  and  that  is  all  it  means.  If  further  on  it  is 
decided  to  adopt  some  uniform  system  of  signaling  throughout  the 
country,  as  is  recommended  in  this  progress  report  of  the  Committee, 
there  may  be  variations  from  that  practice.  As  Mr.  Raymer  suggests, 
I  know  that  the  New  York  Central  Lines  are  working  on  a  different 
system  of  signaling  for  their  sidings,  and  perhaps  their  slow  tracks 
from  their  high-speed  tracks.  The  system  of  signaling  on  the  Central 
divisions  is  substantially  on  the  lines  of  the  system  as  recommended 
by  the  Association  here,  but  the  substitution  of  green  for  white  for 
clear,  as  well  as  the  indication  of  the  arm,  in  the  upper  quadrant,  is 
distinct  and  separate  from  anv  special  system  of  signals.  This  brings 
us  to  the  balance  of  the  report,  which  the  Committee  would  like  to 
have  discussed  until  their  time  expires,  to  get  ideas  from  the  members 
of  the  Association  for  use  in  their  report  to  the  .Association  next  year 
and  to  the  Railway  Signal  Association  in  October.  This  report  was 
presented  to  the  Railway  Signal  Association,  and  we  have  already  stated 
its  action  on  pp.  8  and  9  of  Bulletin  No.  85 :  "Your  Committee  there- 
fore requests  that  this  be  adopted  as  a  progress  report,  and  recom- 
mends that  the  Executive  Committee  of  the  Association  be  requested 
to  take  up  the  question  with  the  Executive  Committee  of  the  American 
Railway  Association  and  endeavor  to  effect  a  meeting  between  the 
two  committees  prior  to  December  i  of  the  ensuing  year."  On  page 
8  are  a  number  of  indications  which  this  Committee  has  considered  to 
be  proper  in  a  signaling  system.  A  number  of  indications  suggested 
have  been  cut  out  because  it  was  felt  that  there  was  a  certain  point 
to  which  signaling  could  go,  and  that  information  bej-ond  that  point 
must  be  given  by  orders.  A  joint  meeting  with  the  American  Railway 
Association  committee  would  probably  determine  whether  the  indications 
given  are  sufficient,  or  whether,  on  the  other  hand,  we  are  attempting 
to  give  too  many.  It  would  seem  perhaps  well  to  get  the  opinion  of 
this    Association    on    the    indications    needed. 

Mr.  Gushing: — I  object  to  indication  No.  5  as  being  unnecessary  in 
a  properly  arranged  system  of  tracks.  The  entrances  to  the  passing 
sidings  should  be  nearly  opposite  to  each  other  at  the  interlocking  tower, 
and  the  switches  should  be  operated  by  an  interlocking  plant,  in  con- 
nection  with   a  proper   system  of   signals.     All   the   indications   that   are 
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necessary  are  given  in  that  particular  interlocking  plant,  and  no  special 
indication  to  "take  siding  at  next  station"  is  needed. 

Mr.  Rudd : — This  was  thoroughly  discussed  at  our  meeting,  and  I 
think  the  majority  of  the  members  agree  with  M'r.  Gushing  that  in  an 
ideal  system  this  indication  is  not  needed,  and  we  also  realize  that  none 
of  our  railways  at  the  present  had,  an  ideal  track  arrangement,  and 
there  were  a  great  many  roads  where  this  was  now  given  and  that 
we   should  provide  some   substitute   for  it. 

Those  signals,  being  divided  into  two  classes,  as  the  Committee 
class  them,  the  stop  and  stay  signals  with  lights  vertical,  and  stop 
and  proceed  signals  with  the  lights  diagonal,  that  all  other  indications 
of  signals  conveying  information  and  not  conveying  orders,  should  be 
given  by  lights  horizontal.  The  scheme,  as  a  general  proposition,  re- 
quires the  use  of  two  lights  on  every  high-speed  signal,  one  reason 
being  that  if  one  light  goes  out  the  engineman  has  another  to  stop 
him;  another  reason  being  that,  with  uniformly  two  lights  of  full 
intensity,  if  one  disappears  the  signal  itself  displays  the  indication 
that  it  is  out  of  order,  or  is  wrongly  displayed,  and  another  reason 
that  the  signal  could  be  more  readily  located  at  night.  Conceding  that 
two  lights  are  needed,  advantage  has  been  taken  of  their  use  to  show 
signals  requiring  the  engineman  to  stop  or  stay  until  otherwise  ordered, 
like  interlocking  signals  by  lights  vertical,  or  signals  allowing  the  engine- 
man  to  stop  and  proceed  after  waiting,  or  stop  and  proceed  without 
waiting,  by  lights  diagonal,  and  signals  giving  information  by  lights 
in  the  horizontal  position.  That  is  the  basis  of  the  entire  proposed 
system.  There  have  been  a  number  of  points  raised  as  to  the  necessity 
for  more  than  one  light  on  the  signal,  and  it  is  a  matter  which  is  well 
worthy  of  discussion. 

I\Ir.  John  V.  Hanna  (Kansas  City  Terminal)  : — It  strikes  me  that 
there  is  an  inconsistency  in  having  two  lights  in  a  -sfertical  line  to  indi- 
cate stop.  The  semaphore  blade,  in  a  vertical  position,  indicates  proceed. 
Why  not  let  the  same  position  of  the  lights  have  the  same  indication?  I 
would  like  to  know  by  what  process  of  reasoning  the  Committee  arrived 
at  this  conclusion,  or  what  the  reasons  are  in  support  of  it. 

Mr.  Rudd : — The  signal  to  proceed  is  given  by  one  arm  in  the 
vertical  position.  At  an  interlocking  plant  we  have  three  arms.  We 
have  a  light  for  each  arm.  The  three  arms  are  mounted  on  a  mast, 
one  over  the  other,  and  the  lights  are  operated  with  the  arm.  It  would 
be  impossible  to  arrange  those  three  arms  on  a  horizontal  post,  or 
rather  to  arrange  the  three  lights  horizontally,  with  the  arms  one 
above  the  other,  and  the  signal  is  not  given  by  the  combination  of 
the  arms.  It  is  given  by  one  arm  at  a  time;  that  is,  the  two  lights 
are  not  operated  in  connection  with  one  arm.  One  arm  is  operated 
and   the   other   is    fixed    for   each   particular    signal. 

The  President : — The  Committee  desires  a  free  expression  of  opin- 
ion upon  this  subject,  whether  it  is  the  general  opinion  of  the  members 
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that  two  lights  should  be  used.  The  chairman  of  the  Committee  states 
it  is  not  expected  that  this  be  adopted  as  a  recommendation  of  the 
Association,  but  they  wish  to  consider  it  during  the  year  and  desire 
to  be  guided  by  the  general  sense  of  the  meeting  as  to  what  features 
the  Association  at  large  consider  it  advisable  to  incorporate  in  their 
reports,  and  at  the  same  time  they  can  confer  with  the  American 
Railway  Association,  or  endeavor  to»  do  so  with  a  committee  from  that 
association,  to  consider  these  operating  points.  Therefore,  a  full  ex- 
pression of  opinion  of  the  members  will  assist  them  materially  during 
the  coming  year. 

Mr.  Ewing : — I  have  not  had  an  opportunity  to  inspect  this  new 
system  of  signals,  and,  of  course,  I  am  in  the  dark  as  to  just  what  it 
means.  I  am,  however,  almost  sure  that  a  duplication  or  multiplication 
of  lights  such  as  this  would  entail,  in  the  busy  districts,  would  be  a  bad 
thing.  For  instance,  in  the  terminal  district,  it  is  particularly  hard 
these  days  for  an  engineer  running  at  high  speed  to  pick  out  one  light, 
and  with  so  much  duplication  of  lights  it  is  going  to  be  very  difficult 
for  him  to  pick  out  the  lights.  I  would  be  glad  to  be  enlightened  on 
that  point  by  the  Committee. 

Mr.  C.  C.  Anthony  (Pennsylvania  Railroad)  : — It  w-as  the  opinion 
of  the  Committee  that  this  system  is  even  better  in  a  congested  terminal 
district  than  it  is  out  on  the  open  road.  The  difficulty  in  the  terminal 
district  is  that  we  have  a  large  number  of  parallel  tracks,  and  perhaps 
a  signal  bridge  with  a  signal  for  each  track,  say,  from  4  to  6  or  8, 
possibly  even  more,  signal  posts  side  by  side  on  that  bridge,  and  wc 
also  have  bridges  succeeding  each  other  at  rather  close  intervals,  so 
that  at  night  the  signals  on  two  or  three  bridges  can  be  seen  at  the 
same  time,  one  beyond  another,  and,  as  viewed  from  the  engine,  appear 
to  be  one  above  another,  and  at  various  relative  positions  horizontally. 
The  difficulty  for  the  engineman  then  is  to  pick  out  his  own  signal  in 
that  situation,  and  if  we  think  we  are  simplifying  it  by  having  only 
one  light  on  each  post,  I  think  we  find  that  the  engineman  will  have 
more  difficulty  than  he  will  if  there  are  two  lights,  and  consequently 
the  whole  number  of  lights  visible  is  multiplied  by  two ;  the  reason  being 
that  in  one  case  he  has  to  pick  out  a  single  light  from  this  mass  and 
identify  it  with  his  own  track,  and  in  the  other  case  he  has  a  com- 
bination of  two  lights,  one  above  the  other,  which  gives  him  something 
more  distinct  and  characteristic  than  the  single  light  standing  alone. 
I  think  we  will  all  admit  that  the  situation  I  have  just  endeavored  to 
describe  is  a  rather  hard  one  for  any  engineman,  but  at  le.ist  the  mere 
multiplicity  of  lights,  in  my  opinion,  does  not  make  the  matter  any 
worse.  Two  lights,  one  above  the  other,  as  identifying  any  particular 
signal,  in  my  opinion,  are  just  as  easj'  to  pick  out  as  a  single  light. 
Practically  the  combination  in  all  cases  where  a  signal  is  clear  or 
in  a  "proceed"  position,  would  be  two  lights  of  diflferent  color,  identify- 
ing that  particular  signal.  Where  the  signal  indicates  "stop"  they  would 
of  course  be  of  the  same  color. 
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Mr.  Rudd : — I  am  sorry  Mr.  Ewing  has  not  seen  that  system ;  it 
is  pretty  near  his  home.  Answering  the  objection  to  the  double  lights, 
I  will  read  a  paragraph  from  a  letter  sent  me  by  the  Superintendent 
of  a  division :  "The  two-light  feature  of  the  signals  is  especially 
valuable  in  enabling  the  engineman  ,to  pick  out  his  signal  at  night 
from  among  clusters  of  lights  which  are  found  at  various  points  along 
all  railroads.  This  feature  alone,  in  m\-  opinion,  more  than  pays  the 
original  cost  and  expense  of  the  dummy  arm  and  light."  That  is  after 
three  months'  operation. 

Mr.  Ewing: — Is  the  indication  on  a  double  light  two  white  and 
two   red  or  one  red   and  one  white   for  clear?  * 

Mr.    Rudd  :— That   is   right. 

Mr.  Ewing : — The  lower  blade  is  always  fi.xed  and  the  red  light 
always   appears  ? 

Mr.    Rudd :— On    the    automatic. 

Mr.  Cushing: — Is  it  proper  to  make  a  motion?  If  so,  I  would  move 
that  the  Committee  be  instructed  to  prepare  a  report  on  a  systematic  signal 
system,  based  on  these  recommendations.  Is  that  what  the  Committee  de- 
sires? 

Mr.  Rudd : — The  Committee  would  be  very  glad  to  have  such  a 
motion,  for  it  thinks  it  can  do  it.  The  instructions  to  the  Committee  last 
year  were  specific  as  to  the  arm  in  the  upper  quadrant,  and  in  addition  it 
was  given  the  liberty  of  presenting  to  the  Association  anything  of  interest. 
We  thought  that  this  was  of  interest,  lud  in  addition  to  Ihc  development 
in  signaling  lately  and  the  prominence  it  is  now  faking,  ihat  it  was  time 
to  get  uniform  system  of  signaling,  if  possible,  all  over  the  country  and  get 
one  as  simple  as  possible.  Within  the  next  year,  if  we  can  have  the 
guidance  of  the  Association  in  its  expressed  opinion  here  on  these  features, 
I  have  no  doubt  we  can  present  to  the  next  meeting  a  comprehensive  sys- 
tem. 

Mr.  Cushing: — I  move  that  it  is  the  instruction  of  the  Association 
to  have  the  Signaling  Committee  work  on,  as  its  report  for  the  next 
annual  convention,  a  comprehensive  and  systematic  signal  system,  based 
on  the  recommendations  on  pp.  8  and  9,  not  that  this  is  done  in  the 
interest  of  uniformity  in  practice  alone,  but  from  the  fact  that  the  large 
expenditures  of  railroads  within  the  next  two  or  three  j^ears  are  going 
to  be  on  signal  work. 

Mr.  Rhea: — I  woulJ  like  10  call  attention  to  the  diagrams.  It 
appears  to  me  that  the  Committee  is  not  confining  itself  to  some  principle 
for  their  system.  In  other  words,  it  strikes  me  that  they  are  holding 
on  to  some  present  practice.  Taking  their  suggested  diagrams  as  a 
basis,  it  certainly  appears  to  me  that  they  will  have  to  add  another 
aspect  to  the  "stop  and  stay"  signal,  namely,  that  they  have  not  covered 
in  any  definite  type  a  suggested  development,  the  aspect  for  the  block 
signal,  which  only  has  one  arm.  That  is  strictly  a  "stop  and  stay" 
signal,  just  as  much  as  an  interlocking  signal  is  a  "stop  and  stay"  signal. 
Therefore,    to    finish    their    development,    it    will    be    necessary    to    add 
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another  aspect  to  (A).  However,  as  an  offset  to  that,  for  the  sake  of 
simpHcity  and  reducing  their  recommendations  to  be  strictly  in  line  with 
the  principles  which  they  seem  to  outline,  it  seems  to  me  they  should 
go  further  and  add  an  arm  wliere  they  have  used  a  light  in  every 
instance.  By  doing  that  they  will  eliminate  aspect  (B)  in  the  "stop 
and  wait"  signal,  and  will  eliminate  the  aspects  lO,  ii  and  12  in  the 
lower  left  hand  corner  of  diagram  2.  j\Iy  reasons  for  these  suggestions 
are  that  I  think  a  study  of  the  signal  system  of  the  United  States 
to-day  will  develop  four  characteristic  tendencies,  one  of  which  is  men- 
tioned by  Mr.  Ewing— the  system  used  on  the  Reading — which  is  strictly 
a  characteristic  one,  in  that  an  interlocking  signal  gives  only  and 
always  the  track  indications.  To  carry  automatic  signals  through  their 
interlocking  limits,  it  is  usually  done  with  the  automatic  signals  in  the 
form  of  disc  signals.  In  other  words,  they  have  displayed  at  some 
points  immediately  adjoining  each  other  an  interlocking  signal  and  a 
block  signal.  In  other  words,  they  never  mix  their  indications.  As 
far  as  my  observation  goes  w^ith  the  Reading,  they  are  strictly  con- 
sistent in  that  practice  throughout. 

In  answer  to  M'r.  Ewing's  criticism,  that  to  perform  all  the  func- 
tions and  give  all  the  information  necessary  will  require  the  display 
of  four  lights  at  an  interlocking  point,  or,  if  he  is  going  to  adopt  the 
limited  speed  signal,  which  is  one  of  the  features  of  the  suggestions  of 
the  Committee,  it  would  require  five  lights  at  one  point,  three  of  which 
it  is  absolutely  necessary  for  the  engineman  to  read  at  high  speed  if  he 
is  going  on  the  high  speed  track,  so  that  I  think  he  will  obtain  a 
material  measure  of  simplicity  in  the  adoption  of  this  idea.  The  other 
type  of  signaling  to  which  I  would  call  attention  is  that  of  the  Pennsyl- 
vania Railroad,  a  practice  which  is  diametrically  opposite  to  that  of  the 
Reading,  in  that  an  interlocking  signal  gives  both  the  block  and  the 
track  right,  a  practice  whicli.  I  have  never  thought  was  right  and  which 
goes  too  far  in  the  other  way,  in  that  they  will  extend  that  block  right 
over  even  a  material  distance,  ahead  of  the  interlocking  limits.  In  other 
words,  they  will  give  a  block  right  with  an  interlocking  signal,  the  block 
right  extending  over  four  or  five  miles  possibly.  Another  development 
of  typical  signaling  is  that  of  the  Chicago  &  Northwestern,  where  they 
give  the  block  right  and  the  track  right  by  distinctly  different  signals, 
except  at  interlocking  points,  where  they  combine  the  indications  through 
the  interlocking  limits;  especially  in  automatic  territory.  An  analysis 
of  those  three  schemes,  to  be  carefully  carried  out,  would  be  found  to 
be  a  decided  difference  in  practice  in  each  one  from  any  other.  Another 
practice  that  is  typical  is  that  of  the  Baltimore  &  Ohio  in  their  Eastern 
territory,  three-position  signaling,  or,  as  I  would  term  it,  the  approach 
indication  carried  throughout.  In  other  words,  they  never  misstep  on 
their  continuous  indication.  The  Pennsylvania  Lines  West  of  Pittsburg, 
in  diametrically  opposite  practice  from  the  Lines  East  of  Pittsburg,  use 
the  block  signal  as  an  advance  signal  at  interlocking  that  are  block  signal 
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stations,  and  follow  quite  closely  the  practice  of  the  Baltimore  &   Ohio, 
before  mentioned. 

I  think  in  reducing  a  signal  system  to  its  elements  you  must  con- 
sider the  prime  essentials  to  which  you  can  reduce  the  indications.  No 
one  of  the  four  practices  mentioned,  I  believe,  is  reducible  to  less  than 
four  types  of  signals.  If  my  suggestions  were  to  prevail  in  this  proposed 
system,  we  would  have  but  two  types,  those  two  types  depending  on  the 
principle  that  the  automatic  signal  has  introduced  a  condition  which  is 
new  from  our  earlier  signal  practice.  In  other  words,  none  of  us  have 
found  it  possible  to  operate  automatic  signals  without  permissive  opera- 
tion to  take  care  of  signals  out  of  order.  Therefore  it  is  necessary  to 
indicate  a  signal  which  you  must  come  up  to  stop  and  remain  indefinitely, 
and  a  signal  which  you  come  up  to  and  when  it  indicates  "stop,"  to 
stop,  and  then  proceed  under  prescribed  regulations.  It  is,  to  my  mind, 
the  predominating  elements  to  which  you  must  reduce  your  system  of 
signals,  and  every  signal  indication  conferring  or  restricting  rights  should 
be   reduced  to  its  elementary  indications. 

(The  motion  to  adopt  the  indications   i   to   13  was  carried.) 
The    President : — There  being  no   further   discussion,   the    Committee 
will  be  relieved  with  the  thanks  of  this  Association. 

WEDNESDAY     SESSION. 

The  President : — The  Signaling  and  Interlocking  Committee  was 
instructed  at  the  session  yesterday  to  reconcile  certain  differences  in 
its  report,  which  had  previously  been  adopted,  with  the  matter  now 
appearing  in  the  Manual  of  Recommended  Practice.  Mr.  Clausen,  a 
member  of  the  Signaling  and  Interlocking  Committee,  will  make  a 
statement  on  the  subject. 

Mr.  L.  R.  Clausen  (Chicago,  Milwaukee  &  St.  Paul)  : — In  accord- 
ance with  the  provisions  of  Mr.  Cushing's  motion  of  yesterday,  your 
Committee  on  Signaling  and  Interlocking  has  prepared  the  following 
statement,  which  we  believe  will  make  the  conclusions  adopted  yesterday 
by  the  Association  harmonize  with  the  matter  as  shown  in  the  Manual 
of    Recommended    Practice,    and    the    Supplement    thereto : 

"The  adoption  of  the  following  principles  is  recommended  in  view 
of  the  recent  trend  of  the  development  of  the  art,  and  should  not  be 
understood  as  condemning  the  present  practice  endorsed  by  the  Asso- 
ciation  as   recommended   good   practice." 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — Do  I  understand  that  is 
to  be  considered  as  an  addition  to  conclusion  2  on  page  22  ot  Bul- 
letin  85? 

Mr.  Clausen: — Yes,  sir;  it  is  to  be  an  addition  to  conclusion  2 
given  on  page  22. 

Prof.  W.  D.  Pence  (University  of  Wisconsin)  : — I  move  that  con- 
clusion 2,  as  amended  by  the  Committee,  be  approved,  and  the  matter 
be  published  in   the  Manual   of  Recommended   Practice. 

(The  motion  was  carried.) 


REPORT  OF  COMMITTEE  NO.  XI— ON  RECORDS,  RE- 
PORTS AND'  ACCOUNTS. 

To  the  Members  of  the  American  Raihvay  Engineering  and  Maintenance 
of  Way  Association: 

During  the  past  year  j-onr  Committee  on  Records,  Reports  and  Ac- 
counts held  several  meetings,   as  follows : 

March  22,  1906,  at  the  Auditorium  Hotel,  Chicago.  Members  pres- 
ent :  Edwin  F.  Wendt,  Chairman ;  W.  S.  Kinnear,  Vice-Chairman ;  J.  B. 
Austin,  Jr.,  E.  K.  Woodward,  H.  A.  Woods,  D.  J.  Brumley. 

June  II,  1906,  at  Jamaica,  New  York.  ■Members  present:  Edwin  F. 
Wendt,  Chairman;  J.  B.  Austin,  Jr. 

Sub-committees  were  appointed  as  follows : 

"Conventional  Signs:"  G.  H.  Burgess,  Chairman;  D.  J.  Brumlej', 
W.  Archer,  V.  D.   Simar. 

"Accounts :"  J.  B.  Austin,  Jr.,  Chairman ;  S.  D.  Pugh,  J.  E.  Turk, 
Henry  Lehn. 

"Revision  of  Manual :"  W.  S.  Kinnear,  Chairman ;  Paul  Jones,  H.  A. 
Woods,  E.  K.  Woodward,  P.  S.  Fitzgerald. 

July  16,  1906,  at  office  of  Mr.  Austin,  New  York  City.  Members 
present :  Edwin  F.  Wendt,  Chairman ;  J.  B.  Austin,  Jr.,  W.  Archer, 
G.  H.  Burgess,  Henry  Lehn,  J.  E.  Turk,  H.  A.  Woods. 

September  12,  1906,  at  Detroit,  Michigan.  Members  present :  Edwin 
F.  Wendt,  Chairman ;  W.  S.  Kinnear,  Vice-Chairman ;  Henry  Lehn,  E.  K. 
Woodward. 

October  22,  1906,  at  New  York  City.  Members  present :  Edwin  F. 
Wendt,  Chairman ;  G.  H.  Burgess,  Henry  Lehn. 

November  20,  1906,  at  the  office  of  the  Association  in  Chicago. 
Members  present :  Edwin  F.  Wendt,  Chairman ;  W.  Archer,  G.  H.  Bur- 
gess, E.  K.  Woodward,  Henry  Lehn,  D.  J.  Brumley,  V.  D.  Simar,  S.  D. 
Pugh. 

BRIEF   REVIEW    OF   REPORTS    FROM    1900   TO    1906. 

During  the  past  seven  years,  since  the  formation  of  the  Associa- 
tion, your  Committee  has  presented  a  number  of  reports  and  accomplished 
certain  definite  work,  of  which  the  following  is  a  brjef  review : 

1900:  The  first  report  was  a  forecast  showing  the  possibilities  of 
committee  work  in  the  fields  of  Records  and  Accounting. 

1901 :  The  second  report  consisted  of  a  general  discussion  of  the 
nature,  purpose  and  value  of  various  Labor,  Material  and  Miscellaneous 
Reports  of  a  Maintenance  of  Way  office. 
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Also  a  general  discussion  of  the  subject  of  Engineering  Records, 
including  Right-of-Way  Records,  Deed  Records,  Alinement  Records, 
Right-of-Way  Maps,  Station  Plats,  Profiles  of  Road  and  Lease  Records. 

1902:  The  third  report  contains  a  further  discussion  of  the  same 
subjects  as  were  treated  in  the  first  two  reports,  including  Bridge 
Records  in  considerable  detail ;  a  system  for  filing  records,  reports  and 
accounts,  based  on  the  card  index  (this  discussion  has  been  widely  read 
and  the  system  generally  adopted)  ;  a  system  for  filing  correspondence, 
based  on  the  classification  of  the  Interstate  Commerce  Commission;  a 
standard  Timebook  for  use  in  all  departments  of  the  Maintenance  of 
Way  department;  Track  Foreman's  Monthly  Material  Report,  illustrated 
full  size ;  reports  of  new  sidings,  showing  ownership,  location,  etc. ;  re- 
port forms  used  in  a  Bridge  department ;  typical  form  of  agreement  for 
side  tracks  to  industries ;  classification  of  construction  and  operating 
expenses. 

1903 :  The  Committee  presented  its  report,  but  it  was  not  considered 
by  the   convention   before   adjournment. 

1904:  The  fifth  report  included  the  report  of  1903,  which  was  not 
considered  in  convention  on  account  of  lack  of  time. 

The  general  purpose  of  the  report  was  to  consider  the  various  forms 
used  in  connection  with  Records,  Reports  and  Accounts  of  the  regular 
Bridge  department  of  a  railroad  and  to  suggest  to  the  Association  for 
approval  those  special  forms  which  are  considered  essential  solely  for  a 
Bridge  department.  A  large  number  of  forms  were  illustrated  in  the 
report  and  the  text  considers  the  following  subjects: 

Report  of  Foreman  of  Bridges. 
Monthly    Bridge    Material    Report. 
Bridge  Foreman's  Diary. 
Bridge   Department    Tool    Report. 
Structure  Report. 

Current   Bridge    Inspection    Report. 
Summary,    Current    Bridge   Inspection   Report. 
General  Bridge   Inspection   Report. 
Ledger  Accounts. 
Bridge  Office  Records. 
Additions   and   Betterment   Accounts. 

Definitions   of   the   terms    "Records,"   "Reports"   and    "Accounts." 
General    specifications,    to    be    used    in    connection    with    the    printing 
of   Report   Forms. 

Outline  of  an  Organization  of  a  working  Bridge  Department. 

Reports  made* by  the  Master  Carpenter. 

Reports  made  by  the  Division   Engineer. 

Ledger  Accounts,  showing  the  cost  of  individual  structures. 

Bridge  Ofiice  Records,   showing  physical  characteristics  of  road. 

Trestle   Record    Book. 

Pocket  Bridge  Record  Book. 
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A  discussion  of  the  Distinction  between  Repairs  and  Improve- 
ments and  a  Proposed  Classification  of  Railroad  Maintenance  of  Way 
Expenses,  by  Walter  G.  Berg,  Member  of  the  Board  of  Direction. 

A  summary  of  Bridge  Inspection  methods  used  on  the  principal 
railroads  of  America. 

1905:  The  sixth  report  contains  a  further  discussion  of  several  sub- 
jects found  in  previous  reports,  which  had  not  been  placed  before  the  con- 
vention in  definite  form  for  adoption : 

General  Labor  Report  or  Timebook  Form. 

Section   Foreman's   Monthly  ]\Iaterial   Report. 

Right-of-Way  Maps. 

Register  of  Title  Deeds. 

Lease  Records. 

1906:  The  general  purpose  of  the  seventh  report  was  to  consider  the 
subjects  of  Records,  Reports  and  Accounts,  under  the  five  following  sub- 
heads : 

(i)     Ledger    Accounts    for    Individual    Pieces    of    Work. 

(2)  System  for  Maintenance  of  Way  Office  Records  of  Bridges 
and    Culverts. 

(3)  Recommended  Standard  Conventional  Signs  for  Right-of-Way 
and   Topographical  Maps. 

(4)  Progress  Profiles. 

(5)  Track  Charts. 

Certain    definite    forms    were    illustrated. 
Conclusions  were  formulated  in  regard  to  these  subjects. 
This   completes   a   general   review  or  analysis   of  the   work   done   by 
your   Committee   for   seven   years,   from    1500  to    1906,   inclusive. 

BRIEF  REVIEW  OF  THE  REPORT  OF  1906. 

(i)  A  form  for  approval  of  "Authority  for  Expenditure"  was 
presented  to  the  Association  in  connection  with  a  discussion  of  the 
value  of  "Ledger  Accounts  for  Individual  Pieces  of  Work,"  and  after 
considerable  discussion  by  the  members  of  the  convention  this  form  was 
referred   back   to    the    Committee    for    further    study    and    revision. 

(2)  A  system  for  "Maintenance  of  Way  Office  Records  of  Bridges 
and  Culverts"  had  been  under  discussion  by  the  Committee  for  three 
years  and  the  study  of  this  subject  was  concluded  so  far  as  to  enable 
the  Committee  to  prepare  a  recommendation  as  to  the  essential  features 
of  an  ideal  or  efficient  system  for  use  in  a  Maintenance  of  Way  Office. 

(3)  The  subject  of  "Conventional  Signs  for  Right-of-Way  and 
Topographical  INIaps"  was  considered  briefly,  but  no  recommendations 
made  because  the  subject  required  further  study. 

(4)  A  "Standard  Progress  Profile"  was  illustrated  and  submitted 
to  the  convention  for  approval. 

(5)  A  "Standard  Track  Chart"  was  illustrated  and  submitted  for 
adoption. 
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The   following  conclusions  were  approved  by  the   convention: 

(i)  The  definitions  on  page  83  of  the  Manual  of  Recommended 
Practice  were  revised  to  read  as  follows : 

"Records — Information  or  data  in  graphical,  tabular  or  statement 
form,  relating  to  the  physical  characteristics,  condition,  cost  and  such 
other   information   as   may  seem   desiraHe   for   record." 

"Reports— The  medium  through  which  information  is  transmitted 
from  one  to  another  official  and  from  which  records  and  accounts  are 
prepared  or  compiled  in  the  filing  office." 

"Accounts — Statements  required  to  enable  payments  to  be  made  for 
labor  performed  and  material  furnished,  or  to  establish  the  detail,  total 
and  comparative  cost  of  work  and  various  classes  of  expenses." 

(2)  The   following  additional   definitions : 

"Ledger  Accounts  for  Individual  Pieces  of  Work — Statements 
kept  in  Ledger  form  in  order  to  establish  the  detail,  total  and  compara- 
tive  cost  of  any  particular   work   or   class    of   expenses." 

"Conventional  Signs — Symbols,  such  as  a  mark,  character,  abbre- 
viation or  letter  selected  or  sanctioned  by  general  agreement  and  used 
to  indicate  upon  a  map  or  plan  certain  forms,  conditions  and  objects, 
both   natural   and   structural." 

"Progress  Profile — A  graphical  record  of  the  progress  of  work, 
prepared  at  stated  periods." 

"Track  Chart — A  diagram  showing  the  physical  characteristics  of 
track  and   roadbed." 

(3)  Ledger  Accounts  of  Individual  Pieces  of  Work,  showing  the 
detail,  total,  comparative  and  unit  cost  of  work,  are  essential  in  any 
system,  according  to  which  statements  and  appropriations  must  be  made 
before  work,  involving  Additions  and  Betterments,  may  be  undertaken ; 
therefore  Ledger  Accounts  should  be  kept  by  Maintenance  of  Way 
Department,  showing  cost  of  authorized  work. 

(4)  No  special  forms  are  required  in  a  proper  system  of  Mainte- 
nance of  Way  office  records  of  the  design  of  bridges  and  culverts. 
Such  records  should  be  kept  in  accordance  with  the  following  system : 

(a)  The  Chief  Engineer,  or  other  officer  h.iving  in  charge  the 
design  and  care  of  bridges,  trestles  and  culverts,  should  keep  on  file 
in  his  office  complete  plans  of  every  structure,  showing  all  its  details, 
its  location  and  the  physical  characteristics  of  the  territory  within  a 
reasonable  distance  of  the  structure. 

(b)  When  changes  in  the  design  of  any  structure  are  made,  record 
of  the  changes  should  be  reported  to  the  head  office  and  the  record 
plans  should  be  at  once  brought  up  to  date. 

(c)  Division  officers  having  in  charge  the  maintenance  of  bridges 
should  keep  on  file  in  their  offices  blue  prints  of  general  and  detail 
plans  of  all  bridges,  trestles  and  culverts  and  these  prints  should  be 
furnished  from  the  office  of  the  Chief  Engineer,  or  other  officer  in 
charge  of  the  designs. 

(d)  Photographs  of  the  record   tracings  of  bridges  should  be  pre- 


RECORDS,  REPORTS  AND  ACCOUNTS.        109 

pared  and  furnished  to  Division  or  other  officers  for  use  in  the  field. 
These  photographic  copies  would  be  of  standard  sizes  and  kept  in 
atlas  form. 

(e)  The  record  of  condition  of  bridges  should  be  kept  in  ac- 
cordance with  the  system  outlined  in  the  Manual  of  Recommended 
Practice,   pp.   98-103. 

(5)  A  profile,  showing  complete  information  respecting  the  rate 
of  progress  of  work  pertaining  to  the  different  features  of  a  railroad,  is 
necessary,  and  the  standard  Progress  Profile,  form  M.  W.  1015,  illus- 
trated on  page  279  of  Vol.  7  of  the  Proceedings,  is  recommended  as 
good  practice. 

(6)  A  Track  Chart,  showing  complete  infonr.ation  respecting  the 
grade,  alinement  and  other  physical  features  of  a  railroad,  is  necessary 
and  the  Track  Chart,  form  M.  W.  1016,  illustrated  on  page  279,  of  Vol. 
7   of   Proceedings,   is   recommended  as   good   practice. 

GENERAL   PURPOSE  OF  REPORT   OF   1907. 

The  general  purpose  of  the  present  report,  in  accordance  with 
instructions  from  the  Board  of  Direction,  is  to  present  a  set  of  forms 
to  be  used  in  connection  with  estimating  cost  of  work  and  issuing 
authority    to    proceed    therewith,    and 

To  present  certain  recommended  standard  conventional  signs  to  be 
used   in  connection  with   right-of-way   and  topographical  maps. 

The  Committee  has  held  six  meetings  during  the  year,  and  the 
attendance  was  highly  satisfactory.  Careful  study  has  been  given  to 
the  subjects  in  question,  and  the  conclusions  represent  the  combined 
judgment  of  the  membership  of  the  Committee. 

SYSTEM,    AND    FORMS    FOR    ESTIMATES    AND    AUTHORITY 

FOR   WORK. 

The  Committee  presents  for  consideration  a  scheme  which  involves 
the  use  of  three  forms,  as  follows:  Estimate  (form  No.  1017),  Au- 
thority   (forms    1018   and    1019). 

GENERAL    OUTLINE    OF     SCHEME. 

There  are  two  steps  involved:  First— the  preparation  and  sub- 
mitting of  estimate  of  cost  of  work;  second— authorizing  the  work  to 
be  done. 

In  connection  with  the  first  step,  a  Vice-President  or  General 
Manager  requests  the  Chief  Engineer  to  make  a  study  of  and  submit 
an   estimate   of   the   cost   of    a   proposed   improvement. 

The  Chief  Engineer  will,  after  collecting  the  necessary  data,  etc., 
submit  his  estimate  of  cost  to  the  Vice-President  or  General  Manager 
en   form   1017,   furnishing  all  the  details   required  on   said   form.     After 
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due  consideration,  the  Vice-President  or  General  Manager  approves 
of  the  plan  and  estimate  and  submits  same  to  his  President  and  Board 
of  Directors.  After  due  consideration,  they  approve  and  so  inform 
the    Vice-President    or    General    Manager. 

Soon  after  receiving  this  notice  "the  Vice-President  or  General 
Manager  will  issue  a  form  1018,  which  form  will  only  show  a  brief 
and  concise  description  and  location  of  the  work  to  be  done  and  the 
hmip  sum  amount  allowed  for  the  improvement.  Also  show  the  dis- 
tribution of  the  expense  as  between  Construction,  Additions,  Replace- 
ments, I.  &  C,  etc.  Copies  of  this  approved  form  will  then  be  fur- 
nished by  the  Vice-President  or  General  Manager  to  the  Chief  Engi- 
neer, Auditor,  and  others  interested  (this  depending  entirely  on  the 
organization  in  effect  on  the  road  using  the  system).  The  Auditor 
should    furnish    the    number    for   the    form. 

After  receiving  the  approved  form  1018,  the  Chief  Engineer  lays 
out  his  program  of  work,  and  as  each  piece  of  work  in  the  improve- 
ment is  decided  upon,  he  will  make  a  request  (on  form  1019)  on  the 
Vice-President  or  General  Manager  for  tlie  necessary  authority  to 
proceed  with  the  work  and   for   the   necessary   funds. 

To  illustrate :  We  will  assume  that  the  work  consists  of  the 
construction  of  a  new  branch  line,  involving  an  outlay  of  $1,000,000.00. 
The  first  step  will  be  the  construction  of  roadbed,  involving  grading, 
masonry,  etc.  This  section  of  the  work  will  be  done  by  contract  and 
involve  an  expenditure  of  $300,000.00.  The  Chief  Engineer  invites  bids, 
and  in  due  time  bids  are  tabulated,  and  he  decides  to  let  the  contract, 
but  before  actually  doing  so  makes  a  request  on  the  Vice-President 
or  General  Manager  for  the  necessary  authority  and  funds,  on  form 
1019.  After  he  receives  his  authority  from  the  Vice-President  or 
General  Manager,  on  form  1019,  he  lets  the  contract,  and  so  on,  as 
each  step  in  the  improvement  is  undertaken  he  will  get  the  necessary 
authority  for  so  doing  on  this  form. 

In  cases  where  departments  other  than  the  Chief  Engineer's  De- 
partment are  interested,  they  will  handle  tlicir  requests  for  appropria- 
tions on  the  Vice-President  or  General  Manager  in  the  same  manner 
as  does  the  Chief  Engineer.  In  case  of  a  small  job,  only  involving 
a  small  expenditure,  where  the  Vice-President  or  General  Manager 
does  not  deem  it  desirable  to  limit  the  Chief  Engineer's  authority,  it 
would  not  be  necessary  to  supplement  form  1018  by  1019.  A  notation 
can  be  placed  by  the  Vice-President  or  General  Manager  on  form  1018 
that  no  forms  1019  will  be  required.  In  such  cases  the  Chief  Engineer 
can   proceed   with   the   work   without    any    further    authority. 

This  makes  the  system  elastic  enough  to  suit  all  conditions.  In 
cases  involving  large  expenditures  it  enables  the  Chief  Executive  to 
control  the  situation,  and  in  other  cases  involving  small  expenditures 
he  turns  control  over  to  his  subordinates.  He  can,  with  this  system, 
control    the    individual    steps    in    the    program    of    work,    as    well    as    at 


RECORDS,  REPORTS  AND  ACCOUNTS.        Ill 

all  times  be  able  to  tell  the  status  of  his  bank  account  (form  1018) 
as  compared  with  the  checks   he  has  issued  against  it    (form   1019). 

This  system  can  also  be  adapted  to  any  organization.  It  can  be 
used  by  Division  Engineers  in  the  handling  of  their  work  with  the 
Engineer  Maintenance  of  Way ;  likewise  Resident  Engineers  in  the 
handling  of   their   work   with   the    Chief   Engineer. 

In  cases  where  the  improvement  involves  the  Chief  Engineer's 
Department,  Motive  Power  Department,  etc.,  the  Vice-President  or 
General  Manager  would  get  estimates  from  the  various  departments 
interested,  and  in  his  report,  say  to  his  President  or  Board  of  Di- 
rectors, would  cover  the  total  of  his  estimates,  and  so  would  his 
form  1018  when  issued.  Then  he  deals  out  the  funds  to  the  various 
departments  interested  from  time   to   time  as  the  occasion   requires. 

GENER.\L     DESCRIPTION     OF     FORMS. 

Form  1017,  size  8"xi3",  to  be  printed  on  medium  bond  paper 
(white),  and  will  be  used  for  submitting  estimate  of  cost  of  work 
to  the  officer  who  issues  the  authority  (form  1018)  for  doing  the 
work.     This  form,  when  properly  filled  out,  should  show : 

(i)     A  reference  to   the  plan   number. 

(2)  A  brief  and  concise  description  and  location  of  the  work  covered 

by  the  estimate. 

(3)  Estimate   of   cost   in    detail. 

(4)  Credits,  if  any,  for  material  to  be  recovered,  etc.,  such  as  salvage 

from  false-work,  temporary  tracks,  and  in  case  of  a  renewal 
(which  renewal  is  occasioned  on  account  of  a  fire)  the  amount 
of  insurance  recovered,  and  anything  else  that  is  a  proper 
credit   to   the   job. 

(5)  Distribution    of    estimated    cost    as    between    New    Work,    Better- 

ments, Renewals  or  Replacements,  and  Individuals  and  Companies. 

(6)  Estimate    will    be    signed    by    various    officers    in    accordance    with 

the  prevailing  organization. 

(7)  Reproduction    cost    of    any    building    or    other    structure    which    is 

to  be  replaced.     This  information  will  be  required  by  the  officer 
determining   the   distribution    of   the   expense. 
A   set  of   instructions   governing  the  use   of  the   form   have   been 
provided.     Special    attention    is    called    to    those    covering    the 
describing    of    work. 

Form  1018,  size  8''xioJ/i",  to '  be  printed  on  medium  bond  paper 
(yellow).  Yellow  paper  is  recommended  so  as  to  make  this  form 
distinctive. 

This  form  will  be  used  by  the  highest  executive  officer  to  convey 
to  those  interested  the  fact  that  the  work  is  authorized  and  the  estimate 
approved.     This   form,  when  properly  filled  out,  will  show : 
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(i)     A  brief  and  concise  description   and  location  of  the  work. 

(2)  Estimated  cost,  in  a  lump  sum,  which  lump  sum  will  be  the  total 

of  the  estimate,  or  estimates,   as  given   on   form   1017. 

(3)  Instructions   as  to   whether  form   1019   is  to  be   submitted   or   not. 

(4)  A  reference  to  the  number,  or  numbers,  of  estimates    (form  1017) 

which  it  covers,  and  an  approved  copy  of  the  estimate  (form 
1017)  should  be  attached  to  each  cop}'  of  form  1018,  issued 
for   the  information  of  all   concerned, 

(5)  Distribution    of   expense    as   between    Construction,    Additions,    Re- 

placements,  Special,  and   Individuals  and   Companies. 
This    form    does    not    authorize    expenditures    of    money    unless    it 
bears    a    notation    that    forms    1019    will    not    be    required.     The 
actual     expenditures    of    money    v/ill    be    authorized    on    form 
1019,  except  as  above  noted. 

Form  1019,  size  8"xioJ/2"j  to  be  printed  on  medium  bond  paper 
(white),  and  will  be  used  by  the  proper  officer  to  authorize  expendi- 
tures of  money  for  work  authorized  by  form  1018. 

This   form,  when  properly  filled   out,   will   show : 

(1)  A  brief   and   concise   description   and    location   of  the   work  to   be 

done. 

(2)  Total  amount  of  form  1018,  of  which  it  is  a  part. 

(3)  The    Engineer's    estimate    as    covered    in    form    1018. 

(4)  A    detailed   or    lump    sum    amount    required    for    the    job. 

(5)  Distribution  of  the  expense. 

(6)  Number  of  the  form  1018  against  which  it  applies.     A  designating 

letter   in   addition   to   the   number. 

(7)  And    any    other    detail    required    by    the    company    or    approving 

officer, 

CONVENTIONAL  SIGNS. 

The  Committee  has  finished  its  study  of  the  general  subject  of 
Conventional  Signs  to  be  used  on  right-of-way  and  topographical  maps. 
The  subject  was  under  consideration  last  year,  but  it  was  of  such 
general  importance  as  to  require  further  study.  The  general  use  of 
Conventional  Signs  and  the  great  lack  of  uniformity  in  the  signs  used 
by  the  various  railroads  and  technical  journals,  as  well  as  the  Govern- 
ment, prompted  the  Board  of  Direction  to  assign  this  subject  to  the 
Committee. 

The  signs  now  recommended  by  the  Committee  are  the  result  of  a 
vast  amount  of  hard  work,  and  while  the  list  is  more  or  less  incomplete, 
a  decided  step  in  advance  will  have  been  taken  by  the  railroads  of 
this  country  when  this  list  of  signs  has  been  adopted  and  put  into  use 
on  the  various  railroads. 

The  Committe.e  now  presents  to  the  Association  a  compilation  of 
the  signs  used  upon  a  number  of  the  railroads,  as  well  as  various  signs 
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used  by  the  United  States  Government  and  the  technical  journal, 
'"Engineering  News."  Several  other  engineering  magazines  notified  the 
Committee  that  they  use  the  same  Conventional  Signs  as  the  "Engineer- 
ing News."  Many  railroads  informed  the  Committee  that  they  had  no 
Conventional   Signs. 

In  regard  to  signs  relating  particularly  to  Signals,  your  Committee 
has  shown  a  few  of  the  important  6nes  required  on  general  maps,  and 
we  endorse  the  signs  adopted  and  published  by  the  Signal  Companies 
when  signs  other  than  those  recommended  by  the  Committee  are  re- 
quired. The  signs  herein  recommended  for  signal  work  are  those  shown 
in  published  list  of  the  Signal  Companies.  (Reference  is  here  made 
to  that  general  list  of  Conventional  Signs  agreed  upon  by  the  various 
Signal  experts  of  this  country,  under  the  direction  of  the  leading 
Signal  Companies  of  America.  These  are  in  pam.phlet  form  and  may 
be  obtained,   without  charge,   from  the   Signal  Companies.) 

For  convenience  the  various  Conventional  Signs  recommended  by 
the  Committee  are  divided  into  three  groups,  and  for  convenience  these 
forms  have  been  numbered  M.  W.  1020,  M.  W.  1021  and  M.  W.  1022.  It 
was  thought  best  to  show  in  the  report  the  practice  of  a  number  of  the 
railroads,  as  indicated  in  the  illustrations.  The  last  column  shows  the 
signs  recommended  by  the  Committee.  They  are  the  result  of  the  best 
judgment  of  the   Committee,    and   were   given   careful   study. 

The  Committee  believes  that  its  work  in  connection  with  the  sub- 
ject of  Conventional  Signs  will  be  of  decided  benefit  to  the  railroads 
when   these   signs   are   generally   adopted. 

REVISION   OF   THE   MANUAL. 

The  Committee  has  carefully  studied  the  contents  of  the  Manual  of 
Recommended  Practice,  especially  that  portion  which  relates  to  "Records, 
Reports  and  Accounts."  We  believe  that  the  contents  of  the  Manual 
are  the  result  of  careful  and  exhaustive  study  and  that,  until  such  time 
as  the  practice  recommended  in  the  Manual  has  been  thoroughly  tried 
under  general  conditions  prevailing  in  the  railroad  business,  no  change 
in  the  Manual  is  desirable. 
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CONCLUSIONS. 

(I)  Construction,  addition  or  betterment  work  should  be  authorized 
in  accordance  with  a  reasonable  and  simple  system,  involving  the  prepara- 
tion of  estimates  of  cost  and  the  formal  authorization  of  the  expense  by 
executive  officers,  and  it  is  recommended  that  forms  M.  W.  1017,  M.  W. 
1018   and    M.  W.    1019   be   adopted   as    representing   good    practice. 

(II)  Standard  Conventional  Signs  for  use  on  right-of-way,  topo- 
graphical and  other  maps  are  desirable  in  railroad  work,  and  the  ap- 
proved Conventional  Signs  illustrated  on  forms  M.  W.  1020,  M.  W.  1021 
and  M.  W.  1022  are  recommended  for  adoption  as  good  practice. 

(III)  It  is  recommended  that  the  Board  of  Direction  send  a  let- 
ter of  inquiry  to  the  managements  of  the  different  important  railways 
in  America,  requesting  information  showing  what  portions  of  the  Manual 
of  Recommended  Practice  have  been  adopted  as  standard  in  the  conduct 
of  work  on  their  roads  and  inviting  criticism  of  the  practice  therein 
recommended. 

(IV)  We  recommend  that  form  M.  W.  1013,  on  page  75  of  Bulletin 
No.  79,  September,  1906,  be  eliminated  from  the  Manual  of  Recommended 
Practice,  because  forms  M.  W.  1018  and  M.  W.  1019  are  now  substituted. 

(V)  We  recommend  that  form  M.  W.  1014,  on  page  76  of  Bulletin 

No.  79,  September,   1906,  be  referred  back  to  the  Committee  for  further 

consideration,  discussion  and  study,  and  that  the  Committee  be  instructed 

to  submit  a  final   report   in   regard  to   "Individual   Ledger   Accounts"   in 

its  igo8  report. 

Respectfully  submitted, 

Edwin  F.  Wendt,  Assistant  Engineer,  Pittsburg  &  Lake  Erie  Railroad, 
Pittsburg,   Pa.,  Chairman. 

W.  S.  KiNNEAR,  Assistant  General  Manager,  Michigan  Central  Railroad, 
Detroit,    Mich.,    Vice-Chairman. 

W.  Archer,  Assistant  Real  Estate  Agent,  Baltimore  &  Ohio  Southwest- 
ern Railroad,   Cincinnati,   O. 

J.  B.  Austin,  Jr.,  Engineer  Maintenance  of  Way,  Long  Island  Railroad, 
Jamaica,  N.  Y. 

D.  J.  Brumley,  Principal  Assistant  Engineer,  Illinois  Central  Railroad, 
Chicago,  111. 

G.  H.  Burgess,  Engineer  Terminal  Improvements,  Erie  Railroad,  New 
York,  N.  Y. 

P.    S.   Fitzgerald,   Chief   Engineer,    Pratt  Laboratory,   Atlanta,   Ga. 
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Paul  Joxes^   Superintendent,  Cincinnati   &   Muskingum  Valley   Railroad, 

Zanesville,  O. 
Henry   Lehn^  Maintenance   of  Way  Accountant,   New   York   Central   & 

Hudson   River   Railroad,    New   York. 
S.    D.   PuGH,  355   Dearborn   Street,   Chicago. 
V.   D.    SiMAK^  Acting  Chief  Engineer,   Duluth,    South   Shore  &  Atlantic 

Railway,  Marquette,  Mich.  » 

J.  E.  Turk,  Superintendent,  Philadelphia  &  Reading  Railway,  Tamaqua, 

Pa. 
H.  A.   Woods,  Assistant  Chief  Engineer,   Grand   Trunk   Pacific  Railway, 

jMontreal,    Canada. 
E.    K.    WooDW.\RD,    Chief    Engineer,    Pere    Marquette    Railroad,    Detroit, 

Mich. 

Commitiee. 


FllRM     IOI7 

»"xi3" 


Front  of  Blank. 

Estimate  No. 

A.   B.   &  C.  R.  R.    Co. 

P.    &  L.    E. 


102 


Division 


ESTIMATE  based  on   plan   No. 


104 


Dated  Jan.  10th,  1906 


New  Coal  and  Coke  Transfer  Station  at  McKees  Rocks,  Pa, 
Estimate  of  cost  of  foundation,  superstructure, 
machinery  and  sidings, 


Location  McKees  Rocks  ,  North  Yard  -  Survey  Station  358+44. 


FOUNDATION : 

300  cubic  yards  Excavation, 

120    "     "    Concrete, 
SUPERSTRUCTURE  : 

Contract  B,  building  and  machinery, 
POWER  : 

Wiring  from  Power  House, 
TRACKS  : 

Grading,  6000  cufbic  yards, 

4  No.  6  80-lb.  Turnouts, 

2800  lin.  ft.  80-lb.  Track, 
Qi^  (  ENGINEERING    _      _      _      - 
^^^°  \  CONTINGENCIES   _      -      -      - 
GRAND  TOTAL,    _      _      _      - 

Grand  Total    $15,000.00 
Credits    NONE  .  Total  Credit 


1.00    300.00 
10.00  1,200.00  1,500.00 


4,422.00 

1,000.00 


.25  1,500.00 
270.00  1,080.00 

1.50  4,200.00  6,780.00 
308.00 
990.00 


$15,000.00 


NET   $15,000.00 


DISTRIBUTION    OF    EXPENSE. 


P .  &  L ..  E . 

Road  or 
Division. 

Road  or 
Division 

Road  or 
Division. 

Total 

$15,000 



15,000 

00 

Renewals  or  Replacements 

f       • 

by  *  items  in  above  estimate  that  are  to  be  billed.) 

Correct.  The  above  expenditure  is  respectfully  recommended. 

John  Doe, 

(Title)  Chief  Engineer.      (Title)         "       — 
Date  Jan 'y  20,   '06        ^^^^ 


Approved. 


(.Title) 
Date. 


Back  of  Blank. 
Cost  of  Replacing  Existing  Buildings  or  Other  Structures. 


Uescription. 


Disposition. 


INSTRUCTIONS  FOR  USING  THIS  BLANK, 
(i)     When  estimate  is  based  upon  plans,  always  refer  to  numbers  and  dates  of  plans. 

(2)  Observe  the  following  rules  in  describing  work  : 

(a)  When  additional   buildings  or   other  structures  are   to   be   built,   begin   your  description 

with  the  word  "New." 

(b)  When  a  building  or  other   structure   is  to  be  built  to   replace  an  inferior  one,  or  one  of 

different  kind,  begin  your  description  with  the  word  "Replacing." 

(c)  In  case  of  replacement,  mention   should  be  made  of  any  variation   from  the  original  con- 

struction, such  as : 

Substituting  stone  for  frame  building. 
Steel  for  wooden  bridge,  etc. 

(d)  When   a  building   or   other  structure   is  reconstructed,   restoring   the  original,   use   the 

word  "Renewing." 

(e)  Under  other  conditions  use  a  suitable  word,  such  as : 

Strengthening  (Bridges). 

Changing  (Yard  Tracks). 

Altering  (Buildings). 

Extending  or  Widening  (Wharves). 

Improvement  at  (Consisting  of  new  standard  20x40  foot  frame  pas- 
senger station,  renewing  30x50  foot  standard 
frame  freight  station,  altering  yard  tracks, 
strengthening  bridge  S500,  etc.). 

(3)  CREDITS  ;  When  including  in  the  estimate  material  which  is  to  be  used  in  temporary  work,  allow 

(under  head   of  "Credits  ")  an  amount  to  cover  estimated  value   of  material  to   be 
recovered. 

(4)  When  the  plan  provides  for  replacing  inferior  buildings  or  other  structures  with  buildings  or  other 

structures  of  a  superior  kind,  always  give   on  back  of   blank,  in  the  space  provided, 
the  estimated  cost  of  reproducing  the  existing  buildings,  or  other   structures,  based 
on  current  market  prices. 
Give  estimate  for  each  building  or  other  structure  separately. 

(5)  On  back  of  blank,  in  "Disposition"  space,  show   disposition   to  be  made  of  the  abandoned  build- 

ings or  other  structures. 

(6)  DISTRIBUTION  :  When  more  than  one  road  or   division  is  affected,    divide  cost  on  a  land  owner- 

ship basis,  unless  otherwise  instructed. 

All  new  work  can  be  shown  as  a  charge  to  New  Work  or  Additions. 
Replacement  work  can  be  divided  on  the  basis  of  charging  to    Replacements  or  Re- 
newals  the   cost   to   reproduce   the  existing  building  or   other  structure,  based   on 
current   market  prices.      The   excess  or  difference   between    estimated   cost   and 
reproduction  cost  should  be  shown  under  "Betterments." 
Individuals  and  Companies.     (See  instructions  on  face  of  blank.) 

(7)  This  form  to  be  submitted  in  triplicate  by  the  originating  officer  to   the  approving  officer.       (Esti- 

mates should  be  submitted  as  per  special  instructions  of  individual  roads  )     If  esti- 
mate is  approved,  authority  for  performing  work  will  be  given  on  Form  No.  1018. 

(8)  Number  the  estimates  consecutively,  beginning  with    No.  i.      Revised  estimates  should  be  given  a 

new  number. 
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Form  ioi8 
8"xioH" 


A.   B.    &  C.   R.  R.  Co. 


Pittsburg,  Pa.,  June  2d, ^q  06 


Coal  &  Coke  Transfer  Station, 

McKees  Rocks,  Pa. 
Construction  of  Coal  &  Coke  Transfer 
Station  at  McKees  Rocks,  Pa.,       $15,000.00 


Richard  Doe, 


(Title  of  approving  officer.)  Vlce-Pres  idcnt  and  General  Manager, 


.  .^^  ^ ®.^ .  .^".^^"^.^^  '.  ^  .  Estimate  No.  }^^ .    Dated  .^^.".'7.  ^^.  I  190.^  . 

Charge  to  ^  » 

^       .     „.•  „  Charge  Approved: 

Construction 

$15  ,  000  .  00  In  all  Vouchers,  Reports,  etc., 

Additions T 

^             ,  refer  to 

Replacements  or  Renewals 

75 
^P^"^'^^ AUTHORIZATION  No.   

Individuals  and  Companies 

This  authority  to  be  supplemented   by  Form  1019  at   the  discretion  of   the  approving 

officer.  ,  J 

The  expenditures  under  this  authority  must  not  exceed  the  amount  authorized.      Ad- 
ditional authority  must  be  obtained  in  case  of  necessity. 

This  authority  expires  at  the  end  of  the  year  in  which  issued.     If  work  is  incomplete 
at  that  time,  a  new  authority  will  be  issued  for  the  following  year's  expenditures. 
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Form  loig  A 
8"xio>4" 


A.  B.    &  C.   R.   R.    Co. 


Pittsburg,  Pa.,  June  2nd,     iq  OS 


To  be  expended  by  ENGINEERING  Department,  as  follows: 

Coal  &  Coke  Transfer  Station, 

McKees  Rocks,  Pa. 

Blanket  Authority  /75,  dated  June  2nd, 

1906  -----    $15,000.00 

Engineer's  Estimate  (Building  and  Machinery)  4,422.00 

It  is  desired  to  have  this  work  done  by 
contract.   The  Link-Belt  Engineering  Co. 
agree  to  do  the  work  for  -      -      -      4,422.00 

and  I  recommend  that  contract  be  let  accordingly. 


RECOMMENDED: 
John  Doe, 

Chief  Engineer 


APPROVED : 
Richard  Doe, 
Vice-President  &  General 
Manager . 


....    Estimate  No Dated 19.... 

Charge  to 
Construction Charge  Approved: 

A^^-.-                            $4,422.00  ,       ,,,.       u         T?         .       , 

Additions .T    In  all  v  ouchers,  Reports,  etc., 

TD     1              »         T3            I  refer  to 

Replacements  or  Renewals 

Special AUTHORIZATION  No 

Individuals  and  Companies 

The  expenditures  under  this  authority  must  not  exceed  the  aniount  authorized.  Ad- 
ditional authority  must  be  obtained  in  case  of  necessity. 

This  authority  expires  at  the  end  of  the  year  in  which  issued.  If  work  is  incomplete 
at  that  time,  a  new  authority  will  be  issued  for  the  following  year's  expenditures. 
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Form  loig  B 
8"xioJ^" 


A.   B.    &  C.  R.  R.   Co. 


Pittsburg,  Pa.,  June  2nd,     19O6 


To  be  expended  by  ENGINEERING  Department,  as  follows: 

Coal  &  Coke  Transfer  Station, 

McKees  Rocks,  Pa. 

Blanket  Authority  ^75,  dated  June  2nd, 

1906   -----   $15,000.00 

Engineer's  Estimate  (Company  Work)      -    10,578.00 

It  is  desired  to  perform  the  balance  of 
the  work  on  this  Authority  by  Company  Forces, 
as  follows  : 

Foundations  -  -  $1,500.00 
firing  from  Power  House  1,000.00 
Track  Work  -  -  6,780.00 
Engineering   -      -     464.00   9,744.00 


RECOMMENDED : 
John  Doe, 

Chief  Engineer. 


APPROVED  : 

Richard  Doe, 
Vice-President  &  General 
Manager . 


Estimate  No Dated ig.... 

Charge  to 
Construction Q^k^c^  Approved: 

A^^-.-  $9,744.00 

Additions .^  . .' In  all  Vouchers,  Reports,  etc. 

Replacements  or  Renewals refer  to 

^P^^'^^ AUTHORIZATION  No 

Individuals  and  Companies 

The  expenditure  under  this  authority  must  not  exceed  the  amount  authorized.  Ad- 
ditional authority  must  be  obtained  in  case  of  necessity. 

This  authority  expires  at  the  end  of  the  year  in  which  issued.  If  work  is  incomplete 
at  that  time,  a  new  authority  will  be  issued  for  the  following  year's  expenditures, 
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DISCUSSION. 

Mr.  Edwin  F.  Wundt  (Pittsburg  &  Lake  Erie): — This  Committee  is 
composed  of  fourteen  memljers,  and  I  wish  to  assure  the  convention  that 
the  report  submitted  is  a  committee  report,  and  that  it  has  been  approved 
by  every  member  of  the  Committee.  I  think  it  would  be  well  to  take 
up  the  report  in  accordance  with  the  conclusions  given  on  page  30,  letting 
the  discussion  follow  the  reading  of  the  conclusions,  and  referring  back 
to   the   forms   for   illustration. 

The  general  purpose  of  the  report  is  to  present  a  set  of  forms  to  be 
used  in  connection  with  estimating  cost  of  work  and  issuing  authority 
to  proceed  therewith  and  to  recommend  certain  standard  conventional 
signs.  In  accordance  with  that  purpose  the  Committee  presents  several 
forms  for  adoption,  and  to  get  this  before  the  Association  we  will  read 
conclusion  No.  i,  as  follows : 

"Construction,  addition  or  betterment  work  should  be  authorized  in 
accordance  with  a  reasonable  and  simple  system,  involving  the  prepara- 
tion of  estimates  of  cost  and  the  formal  authorization  of  the  expense  by 
executive  ofificers,  and  it  is  recommended  that  Forms  'SI.  W.  1017,  M.  W. 
1018  and  M.  W.   1019  be  adopted  as  representing  good  practice." 

It  might  be  said  at  the  outset  that  this  is  not  a  report  dealing  with 
the  workings  of  a  general  accounting  department,  but  with  the  workings 
of  an  Engineering  Department,  and  the  first  form  for  discussion  is  1017, 
known  as  the  "Estimate  Form."  The  description  of  this  system  is  excep- 
tionally clear,  and  indicates  exactly  how  the  different  forms  would  be 
prepared  and  approved.  First,  there  would  be  an  estimate  prepared  by 
the  proper  officer,  which  would  be  forwarded  through  the  head  office  of 
the  Engineering  Department,  and  when  that  estimate  has  been  approved, 
authority  for  the  work  would  be  given  on  form  1018.  I  might  say  that 
the  first  form  is  the  "Estimate  Form."  The  second  form,  known  as  1018, 
is  the  "Authority  Form."  The  third,  known  as  1019,  is  the  "Appropria- 
tion Form."  The  authority  is  given  by  one  of  the  executive  officers,  prob- 
ably the  Vice-President  or  the  General  Manager,  or  the  Vice-President 
and  General  Manager,  in  accordance  with  the  organization.  After  author- 
ity has  been  issued,  indicating  how  much  money  there  is  for  the  work, 
appropriations  would  be  made  from  time  to  time  as  indicated  on  form 
1019.  These  appropriations  are  in  the  nature  of  checks ;  that  is  to  say, 
the  Authority  Form  would  state  to  the  Chief  Engineer  that  there  was  in 
the  bank  $ioo,coo,  and  the  Appropriation  Forms,  which  would  be  sub- 
mitted from  time  to  time,  would  be  in  the  nature  of  checks,  indicating 
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that  amounts  in  various  sums  are  being  drawn  from  time  to  time,  and 
those  appropriations  must  be  approved. 

Mr.  G.  W.  Vaughan' (New  York  Central)  : — The  New  York  Central 
is  practically  using  this  form.  We  have  what  is  called  an  "Authority 
Form,"  issued  by  the  Vice-President,  and  from  that  language  we  make 
up  the  form. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — Does 
the  endorsement  of  this  form  carry  with  it  the  adoption  of  the  instruc- 
tions for  its  use? 

The  President : — Yes  ;  unless  altered. 

Mr.  McDonald : — I  would  like  to  ask  the  Committee  whether  they 
have  any  information  as  to  the  general  practice  of  the  roads  regarding 
distribution   of  expenses   in   accordance   with   these   instructions? 

Mr.  Wendt : — It  is  not  intended  in  the  instructions  to  definiteiy  state 
how  the  charge  should  be  distributed.  You  will  notice  that  provision  is 
made  for  four  different  subdivisions  of  charges :  First,  new  work,  that 
is,  additions ;  second,  betterments ;  third,  renewals ;  fourth,  individuals 
and  companies ;  renewals  and  replacements,  as  a  rule,  to  be  charged  to 
expenses  in  accordance  with  the  Interstate  Commerce  Commission  classi- 
fication. Betterments,  in  some  instances,  would  be  charged  to  expenses, 
and  in  other  instances  would  be  charged  to  capital  account,  depending 
on  the  policy  of  the  management.  Additions  to  the  property',  that  is, 
new  work,  would,  as  a  rule,  be  charged  to  capital  account.  They  might 
be  paid  for  out  of  earnings,  but  would  necessarily  form  the  basis  of  any 
additional  capital  account  that  was  desirable  at  some  future  time. 

There  is  no  intention  on  the  part  of  the  Committee  to  definitely 
state  here  how  the  cost  of  the  work  shall  be  distributed,  and  that  ques- 
tion would  always  be  decided  by  a  part  of  the  management,  probably  by 
a  Vice-President  in  charge  of  finance,  or  a  comptroller.  These  instruc- 
tions are,  however,  largely  intended  to  explain  the  workings  of  the  form. 
This  form  is  8  by  13  inches  in  size,  the  width  of  a  standard  letterhead, 
and  the  length  of  13  inches  exactly  folds  up  into  a  standard  envelope. 
That  estimate  form  will  have  printing  on  both  sides.  On  one  side  is 
shown  the  face  of  the  form  and  on  the  other  is  the  back  of  the  form ; 
the  two  pages  in  the  Bulletin  being  intended  to  represent  one  form  only. 
Further,  by  way  of  illustration,  suppose  that  a  terminal  was  to  be  con- 
structed by  a  railroad.  The  first  operation  would  be  the  preparation 
of  an  estimate  by  some  member  of  the  Engineering  Department.  That 
estimate  would  be  set  forth  in  detail,  for  instance,  on  this  form  1017,  and 
passed  up  through  the  line,  being  approved  by  the  Chief  Engineer  and 
sent  on  to  the  General  Manager  and  Vice-President,  and  in  some  in- 
stances to  the  President.  If  the  management  concluded  that  it  would 
build  the  terminal  at  an  expense  of  one  million  dollars,  the  executive 
officer  in  charge  would  issue  the  authority  form,  illustrated  on  page  34 ; 
that  form  would  indicate  to  the  Chief  Engineer  that  a  terminal  station 
had  been  approved  for  construction  at  one  million  dollars.     There  would 
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be  nothing  else  on  form  1017.  The  Vice-President  would  sign  the  form, 
and  copies  of  it  would  be  furnished  to  every  department  affected  by  the 
work.  In  the  meantime  copies  of  this  estimate  would  be  retained  in 
the  office  of  the  Chief  Engineer  in  the  Engineering  Department,  that 
estimate  showing  all  the  general  details  of  the  work.  After  the  Chief 
Engineer  receives  his  authority  for  proceeding  with  the  work,  which  is 
going  to  cost  one  million  dollars,  and  whose  expense  will  be  distributed, 
we  will  say,  over  one  or  two  years,  the  Chief  Engineer  or  other  officer 
in  charge  would  prepare,  from  time  to  time,  requests  for  money ;  that 
is,  the  Chief  Engineer  would  draw  a  check  against  the  bankbook  shown 
on  page  34,  and  those  checks  would  be  drawn  at  different  times.  The 
expenditure  of  that  one  million  dollars  would  cover,  we  will  say,  two 
years.  A  certain  contract  would  be  let,  all  of  which  would  be  shown  on 
this  foi"m  and  approved.  In  the  final  execution  of  that  work  and  the 
expenditure  of  the  one  million  dollars  there  might  be  twenty-five  con- 
tracts, and  if  so,  there  would  be  twenty-five  appropriations.  Thus,  from 
time  to  time,  the  management  of  the  company  knows  how  much  money 
it  is  bound  to  have  in  sight  to  meet  the  demands  on  the  treasury,  and, 
as  the  officer  in  charge  of  construction  is  bound  to  ask  for  the  approval 
of  the  appropriations  step  by  step,  the  officer  who  has  control  of  the 
construction  department  finally  has  the  opportunity  to  check  that  officer 
and  to  indicate  his  desire  that  the  work  shall  proceed  at  a  faster  rate,  or 
at  a  slower  rate,  in  order  that  the  money  may  be  expended  no  faster  than 
the  management  is  able  to  provide. 

The  President : — The  Committee  desires  an  expression  from  the 
members  present  as  to  how  matters  of  this  kind  are  brought  up  to  the 
management  or  to  the  executive  officer  having  authority  over  expendi- 
tures, to  outline  the  custom  prevailing  on  the  different  roads,  so  that  the 
information  can  be  used  for  comparison  with  the  forms  recommended. 

Mr.  McDonald : — I  did  not  rise  to  answer  that  particular  question. 
I  want  to  pursue  the  point  I  was  after  a  little  while  ago ;  that  is,  the 
fourth  paragraph  on  page  3^,  which  reads,  "When  the  plan  provides  for 
replacing  inferior  buildings  or  other  structures  with  buildings  or  other 
structures  of  a  superior  kind,  always  give  on  back  of  blank  in  the  space 
provided  the  estimated  cost  of  reproducing  the  existing  buildings  or 
other  structures,  based  on  current  market  prices."  That  is  the  practice 
on  our  line ;  it  was  inaugurated  quite  a  number  of  years  ago  through  the 
intervention  of  the  auditing  committees  that  came  around  once  a  year 
to  see  how  we  were  getting  along,  and  I  wanted  to  know  whether  the 
chairman  was  in  position  to  say  whether  that  practice  was  being  pursued 
as  a  general  thing  throughout  the  country.  In  other  words,  in  the 
matter  of  renewal  of  steel  rails — getting  off  the  subject  a  little — we 
found  we  were  not  entitled  to  any  credit  for  improvement  or  addition 
or  betterment  by  increasing  the  weight  of  rail,  because  we  were  replacing 
a  very  light  rail  that  cost  in  some  instances  $120  a  ton  with  a  rail  that 
weighed  30  per  cent,  more,  and  at  the  same  time  the  price  was  so  much 
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less  it  was  cheaper.  Furthermore,  there  are  often  expensive  designs  of 
bridges  that  are  replaced  by  heavier  ones  of  more  economical  design  and 
lower  cost.  The  theorj',  as  I  understand,  of  this  betterment  charge  is  that 
no  charge  to  permanent  construction  shall  be  duplicated ;  that  is,  that 
money  having  been  once  spent,  no  piatter  how  badly  spent,  can  never  be 
charged  to  that  certain  account  again.  I  would  inquire  whether  that  is 
the  practice  generally  or  not.  I  might  say,  so  far  as  the  adoption  of 
any  system  of  blanks  of  this  kind  is  concerned,  the  system  with  which 
I  am  connected  is  considering  the  advisability  of  some  such  plan,  and, 
therefore,  I  am  very  much  interested  in  these  forms.  The  present  prac- 
tice  is  to  handle   such  matters  entirely  by  letters. 

JNIr.  Wendt : — I  think  Mr.  IMcDonald  has  stated  the  general  practice. 
For  illustration,  suppose  in  the  earl}'  history  of  a  railroad  stations  were 
constructed  at  different  points,  costing  two  thousand  dollars  each.  In  the 
course  of  time,  say  twenty  years,  or  fifteen  years  in  parts  of  the  country 
that  are  developing  rapidly,  these  stations  must  be  replaced — they  have 
outgrown  their  usefulness ;  they  are  not  large  enough  to  accommodate 
the  business ;  they  do  not  present  a  proper  appearance  to  the  public,  nor 
do  the}'  contain  the  modern  conveniences.  In  accordance  with  this  sys- 
tem, if  replaced  with  a  station  costing  $io,oco,  you  would  note  on  this 
form,  at  the  top  of  page  33,  on  which  appears  the  heading,  "cost  of  replac- 
ing existing  buildings  or  other  structures,"  what  it  would  cost  at  prevail- 
ing prices  to  replace  that  structure,  and  if  it  would  cost  $2,000  to  replace 
it,  that  is,  as  much  as  the  original  cost,  materials  having  gone  up  in  the 
meantime,  then  $8,000  of  the  total  expense  of  $ic,coo  would  be  a  proper 
charge  against  capital  account,  and  $2,000  a  proper  charge  against  re- 
newals. The  management  would  decide  whether  the  $8,coo  should  be 
immediately  charged  to  capital  account,  or  whether  it  should  be  paid  out 
of  earnings,  but  eventually  that  $8,000  would  appear  in  the  capital  account. 
After  the  estimate  has  been  approved  by  the  executive  officer  and  author- 
ity given  the  comptroller  that  a  certain  authority  has  been  issued  for  the 
expenditure  of  so  many  thousand  dollars,  that  is  entered  on  the 
books  of  the  Accounting  Department  as  "Authorization  No.  7^ ;"  and 
thereafter  all  charges  of  the  Engineering  Department  must  be  made  di- 
rectly to  that  authorization  strictly  in  accordance  with  the  distribution, 
whether  it  is  a  charge  to  new  work  or  to  betterments  or  renewals  or  to 
individuals  and  companies.  There  appears  to  be  no  difference  in  the  sys- 
tem followed  by  the  various  railroads  in  this  country,  but  there  is  a 
very  wide  difference  in  the  method  of  arriving  at  the  result.  There  seems 
to  be,  generally  speaking,  a  great  deal  of  variableness  in  respect  to  the 
details  of  the  system  involved.  As  Mr.  McDonald  states,  on  many  lines 
it  is  customary  to  handle  the  matter  entirely  by  letters.  This  system 
submitted  practically  takes  the  place  of  the  letter.  The  form  is  8  by  lo'^, 
the  same  size  as  the  ordinary  letterhead,  and  conveys  the  information  in 
a  formal  manner. 
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Mr.    Walter    G.    Berg    (Lehigh   Valley)  :— I    move   that    forms    1017, 
1018  and   1019  be  adopted  as  representing  good   practice. 

Mr.  O.  P.  Chamberlain  (Chicago  &  Illinois  Western)  :— It  seems  to 
me  that  there  should  be  a  caption  to  each  one  of  these  forms,  1018, 
» 1019a,  and  1019b,  in  addition  to  the  form  number.  The  forms  are  similar 
in  appearance,  and  I  make  a  motion  to  amend  these  three  forms  as 
follows:  That  a  caption  be  put  on  form  1018  "Authority  for  Expendi- 
tures;" on  1019a,  '"Authorization  of  Contract;"  on  1019b,  "Authorization 
of  Force  Account."  It  seems  to  me  there  should  be  some  designation 
at  the  head  of  each  blank  form  to  indicate  what  it  authorizes. 

Mr.  Wendt : — Allow  me  to  make  an  explanation  before  that  is  dis- 
cussed. I  think  you  might  accomplish  the  same  purpose  this  way:  Have 
form  1018  headed  as  indicated  in  the  other  form,  and  add  to  form  1019a 
"Appropriation  Form."  The  difference  between  1019a  and  1019b  really 
does  not  exist.  We  illustrated  it  on  1019b  merely  to  show  that  when  the 
work  was  executed  the  appropriations  must  be  made  from  time  to  time. 
If  you  get  authority  to  do  a  piece  of  work  that  will  cost  $100,000,  you  do 
not  immediately  draw  out  that  $100,000.  You  probably  will  do  so  at 
the  rate  of  $15,000  per  month,  and  if  so,  you  will  make  up  these  appro- 
priation forms  just  as  fast  as  you  are  ready  for  the  money,  as  fast  as 
the  work  is  prosecuted.  In  the  illustration,  in  regard  to  form  1019a, 
we  know  that  really  is  authority  to  proceed  with  the  contract,  and  on 
1019b  we  illustrate  an  appropriation  for  what  is  called  company  work — 
work  to  be  done  by  the  company's  force.  That  is  merely  by  way  of 
illustration.  It  might  have  all  been  shown  on  one  form.  Suppose  you 
were  authorized  to  construct  a  siding  for  some  outside  corporation,  the 
siding  to  cost  $10,000 — there  are  many  sidings  that  cost  $1,000,  $3,000, 
$6,000,  or  $8,000,  in  the  eastern  part  of  the  country  and  the  ]\Iiddle  West — 
and  if  that  entire  appropriation  was  to  be  expended  through  the  com- 
pany's forces  as  rapidly  as  it  could  be  spent  and  the  money  was  to  be 
repaid  afterward  by  the  corporation;  that  is,  by  the  individual  or  outside 
company,  it  will  be  noted  that  nothing  is  to  be  prepared  except  form  1018, 
and  a  note  would  be  made  by  the  General  Manager  on  the  form  that 
this  work  is  to  be  executed  by  the  company  forces,  and  no  appropria- 
tion forms  are  to  be  submitted ;  in  other  words,  it  is  not  necessary  under 
this  system  in  many  instances  to  submit  an  appropriation  form  at  all, 
especially  if  it  was  a  siding  costing  $1,000,  the  cost  of  which  was  to  be 
borne  by  some  outside  corporation,  so  that  the  forms  1019a  and  1019b 
are  simply  illustrative.  If  we  add  to  1018  the  heading  "Authority  Form," 
and  to  1019  the  heading  "Appropriation  Form,"  it  seems  to  me  it  would 
cover  the  suggestion  made  by  Mr.  Chamberlain,  which  is  a  good  one. 

Mr.  Chamberlain : — I  will  make  my  motion  to  read  as  the  chairman 
suggests.  My  object  in  making  the  motion  was  to  get  a  heading  to  each 
of  these  two  forms.  As  I  understand  now,  from  what  the  chairman  has 
said,  and  from  looking  more  closely  at  the  forms  1019a  and  1019b,  are  in 
reality  the  same,  except  for  a  slight  modification  in  the  body  of  the  form. 
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Mr.  Wendt: — Under  Mr.  Chamberlain's  motion  form  1018  would  read 
exactly  as  shown  on  page  34,  with  the  addition  at  the  top  probably  of 
Ihe  heading,  "Executive  Authority."  That  then  would  represent  the 
authority  of  the  executive  department,  which  is  a  notice  to  the  con- 
struction department  that  it  is  authorised  to  begin  to  do  a  certain  piece 
of  work.  Form  1019a  would  then  be  as  shown,  with  a  further  heading, 
"Executive  Appropriation,"  which  would  in  effect  place  at  the  disposal 
of  the  Chief  Engineer  a  specific  sum  of  money  which  he  is  authorized 
to  spend  at  once.  I  neglected  to  state  that  on  a  previous  page  in  the 
description  there  is  a  statement  that,  in  order  to  make  these  two  forms 
distinctive,  we  recommend  that  form  1018  be  printed  on  yellow  paper  and 
that  form  1019  be  printed  on  white  paper.  They  then  would  be  familiarly 
called  "yellow  sheets"  and  "white  sheets."  The  other  terms  are  more 
appropriate ;  that  is,  "Authority  Form"  and  "Appropriation  Form ;" 
"Executive   Authorization"    and   "Executive   Appropriation." 

The  President : — Does  the  wording  as  given  by  Mr.  Wendt  cover  your 
idea,  Mr.   Chamberlain? 

Mr.    Chamberlain  : — -Yes,   sir. 

The  President : — The  Committee  having  accepted  the  amendment,  no 
motion  is  necessary. 

Mr.  Berg : — I  understand  if  the  blanks  are  adopted  that  they  will  be 
published  without  the  tj'pewritten  matter;  in  other  words,  the  type- 
written matter  is  simply  illustrative  of  how  to  fill  them  out.  They  will 
be  published  in  the  Manual  without  the  typewritten  matter  appearing. 

Mr.  Wendt : — I  presume  that  would  be  in  accordance  with  the  custom. 

Mr.  Berg : — I  think  the  typewritten  matter  should  be  omitted  when 
it  appears  in  the  Manual. 

Mr.  Wendt: — That  would  not  be  objectionable,  because  the  Manual 
always  refers  back  to  the  Proceedings,  and  those  who  would  study  the 
forms  in  detail  would  necessarily  refer  to  the  Proceedings  where  the 
illustrations  occur.  It  rather  seems  to  me,  however,  that  the  system 
will  never  be  fully  understood  unless  it  is  accompanied  by  the  description 
on  pages  25  to  28  inclusive,  and  yet,  as  Mr.  Berg  states,  it  would  hardly 
be  proper  to  put  that  in  the  Manual.  Those  who  use  the  forms  would 
necessarily  go  back  to  the  details  in  the  Proceedings  in  order  to  learn 
what  was  in  the  mind  of  the  designer. 

Mr.  Berg: — I  suggest  that  the  Committee  accompany  the  blanks  when 
published  in  the  Manual  with  a  brief  description  of  their  use  compiled 
from  the  matter  herein,  the  same  as  it  has  done  heretofore  with  blanks 
we  have  adopted.  That  will  cover  the  point  Mr.  Wendt  raised,  and  also 
lead  back  to  reference  to  the  Proceedings. 

Mr.  Wendt: — The  Committee  will  agree  to  that. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — I  would  like  to  make  a 
minor  criticism,  which  refers  to  a  matter  which  causes  a  great  deal  of 
annoyance  sometimes,  as  I  know  from  experience.  The  form  number 
should  be  on  the  upper  righthand  corner  instead  of  the  upper  lefthand 
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corner,  for  the  reason  that  the  papers  are  always  fastened  together  on 
the  lefthand. 

Mr.  Wendt : — The  criticism  is  very  well  taken  and  will  be  acted  upon. 

The  President : — The  chair  will  entertain  a  motion  to  adopt  con- 
clusion No.  I  as  amended. 

Mr.  Berg: — I  will  make  such  a  motion. 

Mr.  Wendt : — Before  that  is  put  to  vote,  I  will  make  the  explanation 
that  the  Committee  was  very  careful  in  formulating  this  first  conclusion. 
You  will  notice  that  we  recommend  in  this  conclusion  that  the  construc- 
tion, addition  or  betterment  work  should  be  authorized  in  accordance 
with  a  reasonable  and  simple  system.  We  have  been  met  heretofore  by 
the  statement  that  the  system  would  involve  expense,  an  expense  much 
beyond  the  results.  Recognizing  that  criticism,  we  endeavored  to  present 
a  system  which  was  reasonable  and  which  was  simple.  We  believe  th.it 
this  system  is  simple,  and  we  also  are  sure  that  the  system  in  practice 
does  not  involve  any  expense  beyond  that  which  is  reasonable,  and  we 
believe  that  the  expense  is  much  less  than  would  be  justified  by  the  results 
procured  under  the  system. 

(The  motion  was  carried.) 

Mr.  Wendt : — Conclusion  No.  2  refers  to  the  conventional  signs  shown 
on  page  Zl-  The  conclusion  reads  as  follows :  "Standard  conventional 
signs  for  use  on  right-of-way,  topographical  and  other  maps  are  desirable 
in  railroad  work,  and  the  approved  conventional  signs  illustrated  on  forms 
M.  W.  1020,  M.  W.  1021  and  M.  W.  IC22  are  recommended  for  adoption 
as  good  practice."  The  subject  of  conventional  signs  has  been  before 
the  Committee  for  two  years.  The  Committee  was  not  able  last  year  to 
make  any  report  on  the  question,  on  account  of  having  too  many  other 
subjects  for  study.  We  now  present  a  few  conventional  signs  which  are 
recommended  for  adoption  as  standard.  These  were  adopted  at  a  time 
when  the  Committee  had  a  very  large  attendance,  representing  systems  in 
all  sections  of  the  country,  so  that  the  practice  is  fairly  representative. 
Furthermore,  it  will  be  recognized  that  it  is  difficult  to  harmonize  a 
number  of  railroads  with  respect  to  this  question  of  conventional  signs 
and  that  necessarily  compromises  have  to  I)e  made  in  regard  to  a  portion 
of  them. 

Mr.  Berg : — In  view  of  the  knowledge  which  we  have  as  to  what  the 
Committee  has  done,  I  consider  that  the  Committee  has  given  a  great 
deal  of  study  to  the  adoption  of  appropriate  conventional  signs.  The 
chairman  has  just  advised  us  that  the  recommendation  for  the  adoption 
of  these  signs  was  made  at  a  Committee  meeting  fully  attended  by  the 
members  of  the  Committee,  and  that  thorough  consideration  was  given 
to  the  recommendation.  I,  therefore,  think  it  desirable  and  make  a  motion 
that  we  adopt  the  conventional  signs  as  recommended  by  the  Committee 
under  the  three  groups,  i,  2  and  3,  with  the  proper  headings,  and  that 
the  recommendations  will  appear  on  separate  diagrams;  in  other  words, 
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that  we  do  not  adopt  this  comparative  matter,  but  only  the  recommenda- 
tions which  will  then  be  printed  separately. 

Mr.  Wendt : — I  think  that  is  the  way  it  should  be  done. 

Mr.  Berg: — With  that  understancJing,  I  move  that  the  conventional 
signs  recommended  be  adopted  as  good  practice. 

Mr.  Chamberlain : — There  is  one  sign  I  would  like  to  ask  a  question 
about.  I  think  the  sign  for  the  milepost  shows  two  numbers  on  the  mile- 
post.  My  suggestion,  which  will  be  in  the  way  of  an  amendment  to  get 
the  sense  of  the  convention,  is  that  the  same  sign  be  used,  that  is,  a  square 
with  numbers  on  its  diagonals,  and  underneath  it  the  initials  M.  P.  with 
the  numbers  in  Arabic  numerals  instead  of  having  two  numbers.  There 
has  been  a  great  deal  of  confusion  on  some  of  the  roads  with  which  I 
have  been  connected  on  account  of  having  two  numbers  on  the  milepost. 
I  do  not  think  we  should  adopt  a  conventional  sign  which  will  continue 
the  confusion.  A  milepost  is  for  the  purpose  of  promptly  informing  your 
trackmen  where  something  is  to  be  done  on  the  line,  or  to  locate  a  certain 
point  in  case  of  a  wreck  or  other  trouble  on  the  line,  and  I  think  it  is 
important  to  have  a  specific  number. 

The  President : — You  mean  the  milepost  to  have  the  same  number  on 
each   side? 

Mr.  Chamberlain  : — Yes,  sir. 

(There  was  no  second  to  Mr.  Chamberlain's  motion.) 

]Mr.  A.  ]\Iontzheimer  (Elgin,  Joliet  &  Eastern)  : — Would  it  not  be  well 
if  the  signs  recommended  by  the  Committee  in  the  righthand  column 
were  shown  next  to  the  description  on  the  lefthand  side.'  What  is  really 
wanted  is  the  column  furthest  to  the  right.  If  that  column  were  placed 
next  to  the  description,  it  would  be  no  trouble  to  ascertain  just  what  is 
meant. 

]Mr.  Wendt : — That  is  where  it  should  be,  but  in  the  preparation  of 
the  preliminary  matter  for  consideration  by  the  Committee,  necessarily 
a  tracing  was  made  first  showing  the  names  and  then  the  practice  of  the 
different  railroads.  Then  we  all  came  together  and  decided  on  the 
recommendations  and  put  them  on  the  same  tracing  in  order  to  save  work. 
We  did  not  know  whether  this  would  be  adopted  or  not,  and  we  did  not 
think  it  was  wise  to  put  any  more  work  on  it  than  necessary.  Before  this 
goes  into  the  Manual,  there  will  be  a  new  tracing  made,  which  will  simply 
show  the  first  and  last  columns. 

The  President : — The  chair  understands  the  motion  by  Mr.  Berg  con- 
templated the  elimination  of  these  comparisons  and  the  placing  of  the 
adopted  conventional  signs  next  to  the  names.  The  matter  given  in  the 
Bulletin  is  merely  information. 

^Ir.  G.  H.  Tinker  (New  York,  Chicago  &  St.  Louis)  : — Is  it  the  in- 
tention to  have  the  same  sign  for  a  block  signal  as  for  a  home  signal, 
also  the  same  for  a  distant  signal  as  for  a  train-order  signal? 

Mr.  Wendt : — The  Committee  took  into  consideration  all  these  con- 
ventional   signs   which    had    already   been   adopted   by    the   leading   signal 
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companies  of  America,  these  signs  have  been  issued  in  pamphlet  form 
and  distributed  gratis  throughout  the  country.  We  make  a  note  in  the 
report  that  all  these  signs  are  recommended  for  adoption.  We  under- 
stand they  have  already  been  adopted,  the  Signaling  Committee  having 
recommended  them  last  year  and  they  have  been  put  into  use.  The  sign 
for  block  signal  and  home  signal,  and  distant  signal  and  train-order 
signal  were  put  in  this  list  merely  because  those  signs  are  used  quite  gen- 
erally on  track  plans,  and  the  discrepancy  was  not  noticed.  I  think  in 
view  of  the  suggestion  that  a  slight  change  will  have  to  be  made  there. 
At  any  rate,  I  think  the  only  action  to  take  is  that  they  shall  conform 
to  the  signs  as  already  agreed  upon  by  the  signal  companies  and  the 
Signaling    Committee. 

Prof.  W.  D.  Pence  (University  of  Wisconsin)  : — I  think  on  closer 
examination  of  the  original  drawing  it  will  be  found  that  there  is  really 
a  difference  in  those  symbols,  which  does  not  appear  in  the  very  minute 
reproduction  we  have  in  this  cut.  It  would  seem  that  the  motion  which 
has  been  made,  in  adopting  this  report,  should  include  a  provision  that 
these  signs  should  be  reproduced  on  a  larger  scale  for  the  Manual. 

Mr.  Wendt : — I  think  that  is  correct,  because  each  one  of  these  signs 
was  carefully  gone  over  by  eight  members,  and  I  do  not  think  that  dis- 
crepancy appears  in  the  original.  The  original  tracing  was  quite  large 
and,  of  course,  this  is  a  very  great  reduction  in  size.  At  any  rate,  the 
discrepancy  will  be  eliminated. 

Mr.  Cushing : — In  the  Manual  of  Recommended  Practice  the  conven- 
tional signs  recommended  by  the  Signaling  Committee  have  one  or  two 
repetitions  which  should  be  taken  into  account.  For  instance,  the  two- 
position  mechanical  interlocking  distant  signal  has  been  used  for  another 
purpose  in  that  report.  (Displaying  a  previous  report.)  It  has  been  used 
for  a  train-order  signal  in  this  last  report.  All  I  wanted  to  call  attention 
to  was  that  the  Committee  should  be  careful  to  see  that  there  were  no 
complications. 

The  President : — The  chairman  of  the  Committee  states  that  the  dis- 
crepancy will  be  corrected. 

(The  motion  was  carried.) 

Mr.  Wendt : — The  third  recommendation  is  not  intended  for  action 
by  the  convention ;  it  is  merely  a  suggestion  that  the  Board  of  Direction 
inquire  from  the  different  railways  of  America,  as  to  what  portions  of  the 
Manual  of  Recommended  Practice  have  been  adopted  as  standard.  We 
:  make  the  suggestion  for  the  reason  that  each  year  the  committees  are  in- 
structed to  revise  the  matter  already  printed  in  the  Manual,  and  it  cer- 
tainly would  not  be  good  judgment  for  the  Committee,  or  any  of  the 
committees,  to  recommend  any  changes  in  the  Manual  until  information 
was  in  their  possession  as  to  the  use  that  was  being  made  of  these  recom- 
mendations by  the  different  railroads ;  and  as  the  Association  has  now 
been  in  existence  for  seven  years,  and  as  conclusions  have  been  adopted 
at  least  for  the  last  three  years,  it  is  thought  advisable  to  start  a  move- 
ment at  this  time  to  collect  reliable  data  as  to  what  use  is  being  made  of 
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the  work  of  this  Association.  After  that  data  has  been  secured,  then  the 
Committee  would  be  in  position  to  take  up  the  question  of  a  revision  of 
the  Manual  in  so  far  as  might  seem  necessary. 

Mr.  Berg : — I  think  the  suggestion  of  Mr.  Wendt  is  along  the  proper 
line,  and  I  consider  that  without  a^y  further  vote  the  Board  of  Direc- 
tion will  take  action  along  that  line.  I  think  we  should  leave  the  matter 
in  that  shape,  and  go  on  to  the  next  conclusion. 

Mr.  Wendt: — The  next  conclusion  reads  as  follows:  "(4)  We  rec- 
ommend that  form  M.  W.  1013,  on  page  75  of  Bulletin  79,  September, 
1906,  be  ehminated  from  the  Manual  of  Recommended  Practice,  because 
forms  M.  W.   1018  and  M.  W.   1019  are  now  substituted." 

Mr.  Gushing: — I  move  that  conclusion  No.  4  be  adopted. 

(The  motion  was  carried.) 

Mr.  Wendt : — Conclusion  No.  5  reads :  "We  recommend  that  form 
M.  W.  1014,  on  page  y6  of  Bulletin  No.  79,  September,  1906,  be  referred 
back  to  the  Committee  for  further  consideration,  discussion  and  study,  and 
that  the  Committee  be  instructed  to  submit  a  final  report  in  regard  to 
'Individual  Ledger  Accounts'  in  its  1908  report." 

Mr.  Cushing : — I  move  that  conclusion  No.  5  be  adopted. 

(The  motion  was  carried.) 

The  President : — Before  relieving  the  Committee  the  chair  desires  to 
express  the  appreciation  of  the  Board,  and  also  of  the  members  of  this  As- 
sociation, for  the  very  faithful  and  hard  work  done  by  this  Committee.  The 
preparation  of  a  report  for  the  Committee  on  Records,  Reports  and  Ac- 
counts is  one  of  the  thankless  jobs  in  connection  with  our  work,  and  yet 
it  is  important ;  and  under  Mr.  Wendt's  energetic,  industrious  and  careful 
labor  we  feel  that  the  reports  submitted  are  worthy  of  the  comm.endation 
of  the  Association.  Mr.  Wendt,  after  several  j-ears'  hard  work  on  this 
Committee,  has  asked  to  be  relieved  from  the  active  chairmanship.  It  is 
with  much  regret  that  the  Board  will  be  obliged  to  accede  to  his  request, 
and  the  chair  felt  that  it  was  due  to  Mr.  Wendt  to  make  a  few  remarks 
about  his  work  before  we  relieved  him. 

Mr.  R.  N.  Begien  (Baltimore  &  Ohio)^by  letter: — Referring  to  the 
symbols  for  representing  various  division  lines,  the  writer  thinks  that  it 
would  be  preferable  to  have  the  number  of  dots  or  small  dashes  between 
the  long  dashes  vary  with  the  kind  of  division  line  to  be  expressed. 

Conventional  signs  have  to  be  used  by  the  unskilled  draftsman,  as 
well  as  by  the  expert,  and  the  proper  weighting  of  lines  is  something 
that  is  hard  to  learn  unless  the  learner  has  an  aptitude   for  drafting. 

Conventional  signs  are  used  to  avoid  lettering.  Varying  the  number 
of  dots  would  show  at  once  what  class  of  division  line  was  indicated. 
Weight  of  line,  too,  is  largely  a  matter  of  comparison,  and  thus  lettering 
would  be  absolutely  necessary  unless  all  classes  were  shown  and  care- 
fully weighted  on  the  same  maps. 

The  symbols  for  harbor  lines  and  township  lines  are  so  much  alike 
that  they  could  only  be  distinguished  by  a  careful   comparison,   coupled 
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with  a  more  careful  draftsmanship  than  is  found  in  most  railroad  offices. 
If  a  harbor  line  was  shown  on  a  map  that  contained  no  township  line, 
it  would  have  to  be  lettered  to  be  understood. 

The   block   showing   "preliminary   survey"    shows   a   junction   of   two 
lines  at  a  transit  point.     The  circle  used   at  the  junction  is  the  symbol 
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for  a  survey  station.  The  symbol  ^  would  appear  to  be  more  con- 
sistent as  being  a  transit  point.  Lines  rarely  join  at  a  full  station, 
except  as  a  coincidence,  and  the  point  of  junction  is  (or  should  be) 
always  a  transit  point.  The  sj-mbol  A  is  also  used  for  triangulation 
point,  and  is  entirely  proper  in  that  use.  While  calling  attention  to  the 
apparent  inconsistency,  the  writer  prefers  the  circle  for  a  transit  point. 
This  would  leave  A  to  be  used  exclusively  for  triangulation  points  and 
allow  the  consolidation  of  transit  point  and  property  corner  under  one 
sj-mbol.     The  property  corner  would  be  black  and  the   transit   point   red. 

The  conventional  sign  used  for  road  would  be  preferable  in  brown 
or  dashed  in  black.  Where  contouring  is  black  and  country  steep,  the 
road  lines  are  easily  confused  with  the  contour  lines  if  made  by  a 
similar  line. 

Considering  the  sj'mbol  recommended  for  surface  and  grade  line,  it 
is  supposed  to  refer  to  a  profile.  All  drawings  should  be  considered  with 
respect  to  reproduction,  and  for  that  reason  black  is  preferable  to  red 
for  a  grade  line.  The  line  may  be  fine.  As  long  as  these  symbols  are 
to  be  recommended  as  standard  practice,  it  would  also  appear  more 
consistent  to  show  a  sag  in  the  grade  at  the  fill,  or  at  least  a  level. 
Summits  are  rarely  put  in  fill  without  some  special  reason. 

The  north  point  symbol  should  tell  whether  magnetic  or  true 
meridian  is  indicated,  and,  if  magnetic,  the  declination  of  the  needle,  as 
well  as  the  date,  should  be  shown. 

A  heav}^  line  dividing  the  section  numbers  is  ample  on  a  profile, 
as   simplicity   is    desirable    at    all    times. 

Mr.  C.  L.  Ransom  (Chicago  &  North- Western — by  letter)  : — Our  com- 
pany has  for  the  past  15  y*"ars  made  it  a  rule  to  have  "Authority 
Sheet"  or  "General  IManager's  Order"  issued  for  all  construction  and 
maintenance  work  costing  over  a  certain  sum.  As  a  matter  of  interest 
the  writer  attaches  one  of  the  blanks  filled  out  for  a  hypothetical  case 
showing  the  am.ount  of  information  given  on  the  blank. 

This,  in  our  case,  takes  the  place  of  Form  M.  W.  1018  as  recom- 
mended. It  seems  to  the  writer  that  on  the  recommended  Form  M.  W. 
1018  there  should  be  a  statement  to  the  effect  that  "Authority  is  hereby 
given  for  the  following  work,"  and  that  it  should  also  say  under  whom 
the  v/ork  is  to  be  done. 

Where  the  work  is  not  large,  the  record  of  the  cost  of  same  as 
taken  from  distribution  books  each  month  is  kept  right  on  the  face 
of  the  order  as  shown.  Where  it  is  desired  to  keep  record  of  separate 
items,  we  insert  a  blank  sheet  opposite  the  order,  in  the  loose  leaf 
book  in  which  this  is  bound,  and  keep  the  cost  separated  as  much  as 
desired.  The  amounts  entered  in  the  face  of  the  order  show  the  total 
cost  of  the  whole  work  at  a  glance  for  all  time  to  come. 
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CHICAGO    &    NORTH-WESTERN    RAILWAY    COMPANY. 
Office  of  the  General  Manager. 

ORDER    FOR    CONSTRUCTION    AND    REPAIR    WORK. 

Chicago,   111.,  January   ist,   1907. 
(Date  Authorized.) 
Sir: — Authority  for  the   following  work  on  the  plant   of  this   com- 
pany has  been  given : 

No.   1000. 

Work  to   Be  Done  Under  the  Direction  of  General  Superintendent. 
Division   Eastern.  Estimated   Cost,  $15,000.00 

Construction    charge,      10,000.00 
Location  Baneville,  III.  Cash  Expense,  12,000.00 

Labor  by  Co.  force.  3,000.00 

Description.     Build  a  nczv  coaling  station  of  Link  Belt  type  tvith  neces- 
sary trackage  to  serve  same,  replacing  the  old  Clifton  Shed. 
See  Plan  No.  B-6595  for  layout. 
Memorandum.    Building  above  foundations  to   be  done  by  Contract. 

Balance  of  zvork  by  Company  force. 
To  John  Jones,  Division  Engineer.  A.  B.  Smith,  General  Manager. 

Note. — An  order  will  be  made  for  all  work  authorized,  either  on 
the  Chief  Engineer  or  the  General  Superintendent.  A  copy  of  the  same 
will  be  forwarded  to  the  Second  Vice-President,  the  Division  Superin- 
tendent and  Division  Engineer  of  the  Division  on  which  the  work  is  to 
be  done. 

No  action  is  to  be  taken  on  copies  of  orders  made  by  the  Division 
Superintendent  or  Division  Engineer  until  so  instructed  by  the  General 
Superintendent  or  the  Chief  Engineer,  as  the  case  may  be. 

Mr.  John  C.  Sesser  (Chicago,  Burlington  &  Quincy — by  letter)  : — 
Referring  to  the  supplementary  report  of  the  Committee  on  Records, 
Reports  and  Accounts,  there  seems  to  be  a  lack  of  records  and  reports 
of  the  work  and  cost  of  grading,  and  as  this  in  itself  is  one  of  the 
greater  items  in  railroad  construction,  it  occurs  to  the  writer  there  is 
something  lacking.  In  the  judgment  of  the  writer,  all  work  should  be 
shown  by  a  progress  profile  or  plat  of  some  kind.  A  sample  copy  of 
progress  chart  of  work  which  is  now  being  done  in  Southern  Illinois  by 
the  Burlington  Railway  is  shown  herewith.  For  each  particular  job 
there  is  indicated  on  this  chart,  to  a  proper  scale,  the  amount  of  work 
that  is  to  be  done,  and  each  month  the  chart  is  colored  with  an  estab- 
lished color  for  work  done  during  that  month,  showing  at  a  glance  the 
amount  of  work  finished.  Below  each  line  is  marked  a  percentage 
account,  so  that  one  can  immediately  see  just  what  percentage  of  the 
work  is  completed.  Another  chart  is  illustrated  that  was  used,  showing 
the  progress  of  the  work  on  a  mile  basis,  as  was  used  last  year  in  the 
construction  of  the  Northern  &  Southern  Illinois  Railroad  from  Ccntralia 
to  Herrin. 
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There  also  seems  to  be  a  decided  lack  in  interest  of  establishing 
a  standard  profile.  In  the  opinion  of  the  writer,  the  profile  is  used  as 
much  as  any  particular  map  we  have  in  the  construction  of  railroads. 
It  seems  that  too  much  care  cannot  be  exercised  in  establishing  a 
standard  in  regard  to  profiles.  Give  a  construction  man  a  properly 
made  profile  and  on  that  he  will  find  all  the  information  he  should  need 
to   construct  his   line. 
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PROGRESS    CHART— Continued. 


REPORT  OF  COMMITTEE  NO.  XVI— ON  THE 
ECONOMICS  OF  RAILWAY  LOCATION. 

To  the  Members  of  the  American  Raihuay  Engineering  and  Maintenance 
of  Way  Association: 

The  Committee  on  Economics  of  Railway  Location  was  formed  for 
the  consideration  of  all  questions  connected  with  railway  location,  grades, 
lines  and  improvements  of  grades  and  lines  affecting  the  economic  opera- 
tion with  relation  to  traffic,  tonnage  ratings,  speed,  density  of  traffic  and 
financial  considerations,  with  the  special  aim  in  view  of  establishing  uni- 
form methods  and  unit  values  for  investigating  and  analyzing  the  rela- 
tive changes  and  costs  of  comparative  routes  or  proposed  grade  reductions 
and  line  corrections. 

The  first  report  of  progress  submitted  herewith  is  indicative  of  the 
vast  field  embraced  by  the  scope  of  work  relegated  to  its  consideration, 
rather  than  as  conclusive  of  any  one  of  the  several  details  set  forth 
in  the  instructions  to  the  Committee. 

It  will  be  realized  that  much  of  the  matter  proposed  to  be  investi- 
gated depends  largely  upon  the  relationship  of  the  financial  question  and 
the  economics  of  trade  to  the  purely  engineering  features,  and  that  the 
true  economics  of  the  latter  depend  in  a  considerable  degree  upon  the 
results  arrived  at  by  experiment. 

The  conditions  under  which  experiments  have  hitherto  been  made,  as 
well  as  those  at  present  governing  actual  practice  en  the  existing  lines, 
are  so  varied,  that,  without  further  investigation,  your  Coinmittee  is,  as 
yet,  unable  to  formulate  or  definitely  recommend  any  set  rules  or  empirical 
formulas  that  will  accurately  cover  any  of  the  sub-features  embraced  in 
this  province  of  its  work. 

Generally,  and  with  special  reference  to  the  work  of  this  Committee, 
it  may  be  said  without  question  that,  viewed  from  a  modern  standpoint, 
much  of  the  railway  construction  in  the  early  days  of  the  development  of 
the  North  American  continent  was  of  an  inferior  character.  Great  dis- 
tances had  to  be  traversed,  the  population  of  the  country  was  sparse  and 
scattered,  and  the  gradients  and  curvature  were,  therefore,  too  frequently 
determined  by  the  amount  of  money  to  be  expended  per  mile  of  road, 
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rather  than  by  a  consideration  of  the  probabilities  for  future  traffic  and 
the  economic  value  of  grade  and  alinement  features. 

Commercial  progress  of  the  countrj^,  however,  followed  the  introduc- 
tion of  the  railway,  and  the  financial  problem  of  how  to  make  a  dollar 
earn  most,  began  to  receive  greater  consideration. 

For  a  number  of  years  past,  the  larger  railway  organizations  have 
been  spending  large  sums  of  money  in  improving  the  properties  under 
their  charge;  but  while  there  has  already  been  an  immense  outlay  in  this 
respect,  it  may  be  said  confidently  that  betterments  in  the  future,  both  in 
new  locations  and  in  revision  work,  will  be  on  a  much  greater  scale  than 
those  of  either  the  past  or  present. 

The  general  situation  necessitating  such  changes  may  be  said  to  be 
the  outcome  of  circumstances.  It  is  due  in  a  great  measure  to  a  realiza- 
tion of  the  saving  in  operating  expenses  resulting  from  such  betterments, 
to  the  increasing  demand  for  cheaper  rates  and  better  service,  the  com- 
petition of  railways  with  one  another,  and,  more  especially,  to  the  con- 
struction of  new  lines  designed  on  better  economic  principles. 

In  the  effort  to  reduce  train  mileage,  locomotives  and  rolling  stock 
generally  have  been  greatly  increased  in  size,  weight  and  capacity ;  and  the 
effect  of  such  changes  has  been :  Bridge  structures  of  increased  strength. 
heavier  rails,  securer  joints,  more  and  better  ballast,  wider  roadbed,  and, 
consequently,  an  improved  railway. 

Besides  changes  of  this  nature,  however,  it  soon  became  recognized 
that  many  improvements  might  be  made  in  the  distance,  gradients  and 
alinement  of  the  earlier  construction  which  would  effect  a  reduction  in 
train  mileage,  independent  of  the  class  of  rolling  stock  used.  The  province 
of  this  Committee  is,  therefore,  to  investigate  certain  economic  principles, 
in  order  that,  eventually,  helpful  suggestions  may  be  made  to  railway  en- 
gineers and  railway  managers  engaged  in  the  construction  of  new  lines, 
as  well  as  of  grade  and  alinement  revisions. 

It  is  usually  comparatively  easy  to  estimate  the  cost  of  a  projected 
railway  or  an  improvement  to  an  existing  one.  The  actual  cost,  however, 
of  operating  such  a  line,  or  the  value  of  the  saving  in  operating  expenses 
which  is  rendered  possible  by  any  proposed  physical  change  in  the  road  or 
in  the  method  of  operating  its  trains,  due  to  a  modification  of  alinement, 
distance,  or  gradients,  is  more  uncertain. 

Before  the  proper  location  or  re-location  of  a  railway  can  be  decided 
mtelligently,  it  is  necessary  that  the  factors  governing  its  earning  power 
be  properly  understood,  and  the  relation  between  the  purely  engineering 
and  the  financial  features  thoroughly  grasped.     Railways  are  built  as  com- 
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mercial  undertakings  for  profit,  and  a  railway  that  can  furnish  the  most 
economical  transportation,  time  as  well  as  monej'  being  considered,  will 
finally  show  the  best  net  earnings. 

The  three  principal  factors  which  afifect  profits,  viz.,  gross  earnings, 
operatmg  expenses  and  fixed  charges,  are,  in  a  great  measure,  dependent 
upon  the  location  of  the  road  with  regard  to  the  sources  of  traffic.  With 
a  gross  amount  of  traffic  and  proper  location  and  construction,  the  greater 
the  first  expenditure  (with  its  consequent  improved  road)  the  less  will 
be  the  operating  expenses,  but  the  greater  the  fixed  charges.  Increasing 
one  decreases  the  other.  With  a  given  volume  of  traffic,  the  economic 
location  is  the  one  in  which  the  sum  of  fixed  charges  and  operating  ex- 
penses is  the  least ;  and  a  more  economical  location  is  obtained  when  in- 
terest and  renewal  charges  on  additional  expenditure  for  construction 
are  saved  in  decreased  operating  expenses,  or  when  increased  operating 
expenses  are  saved  in  reduced  interest  and  renewal  charges  on  cost  of 
construction.  The  most  economical  location  is  secured  when  every  gain 
possible  has  been  effected,  both  bj'  decreased  cost  in  the  one  case  and  de- 
creased operating  expenses  in  the  other.  In  grade  reduction,  it  is  the 
saving  in  number  of  trains,  even  if  each  train  costs  somewhat  more. 

The  effect  of  differences  in  location  on  such  factors  must  be  under- 
stood before  a  proper  and  economic  location  can  be  determined.  If  it 
can  be  computed  that  by  certain  physical  alterations  in  alinement  or 
gradients,  or  by  any  change  in  the  method  of  operating  trains,  the  expense 
of  each  train  over  a  proposed  line  or  the  number  of  trains  to  handle  a 
given  traffic  can  be  reduced,  then  the  only  problem  remaining  is  the  finaij- 
cial  study  of  the  relative  values  of  the  proposed  expenditure  and  the  ex- 
pected annual  saving.  A  general  and  purely  academic  discussion  of 
Some  features  of  this  question  may  profitably  precede  the  future  con- 
sideration   of    details. 

It  is  often  stated  that  any  really  meritorious  proposition  can  com- 
mand the  requisite  capital,  provided  that  it  is  properly  exploited.  Al- 
though there  is  considerable  truth  in  this  statement,  it  is  also  true  that 
there  is  a  wide  difference  in  the  amount  of  effort  necessary  to  raise  money, 
depending  on  the  status  of  the  corporation  making  the  effort.  It  is  per- 
haps unfortunate  that  the  financial  standing  of  many  railroad  corporations 
is  so  unlimited,  that  many  changes,  which  probably  could  not  be  justified 
by  any  rational  method  of  computation,  are  recklessly  made  after  slight 
consideration.  There  may  be  little  or  no  reduction  in  operating  expenses 
and  certainly  not  enough  to  justify  the  capital  expenditure,  but  the  finan- 
cial strength  of  the  company  is  so  great  that  there  is  no  reduction  in 
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dividends.  There  may  be  an  actual  increase  in  dividends,  which  only 
means  that  the  financial  strength  of  the  road  is  so  great,  and  is 
growing  so  rapidly,  that  the  comparatively  insignificant  loss,  due  to 
fixed  charges  on  an  unjustifiable  expenditure,  is  utterly  swallowed  up. 
On  the  other  hand,  the  road  which  is  financially  weak  must  show 
unquestionable  justification  for  any  proposed  improvement,  and  even 
then  the  financial  reputation  may  be  so  limited  that  a  really  meri- 
torious   project   may    fail    for    lack   of    funds. 

There  can  be  no  question  regarding  the  justification  of  providing 
for  traffic  that  may  reasonably  be  expected  for  a  considerable  period 
after   the   plans    are   made. 

A  railway  is  not  built  for  a  day's  work.  There  will  be  an  interval  of 
a  year  or  more  after  the  plans  are  made  before  the  road  is  built.  Several 
years  more  may  elapse  before  the  normal  traffic  is  obtained.  If  the  in- 
creased traffic  cannot  be  economically  handled  with  the  facilities  provided, 
then  the  railway  is  confronted  with  the  choice  between  an  uneconomical 
handling  of  traffic  or  an  immediate  additional  expenditure  with  its 
accompanying   loss    and   waste   of    work   already    done. 

Of  course,  much  depends  upon  the  character  of  the  change  and  the 
amount  of  the  waste.  In  territory  where  the  topographical  features  are 
extreme  and  the  financial  aspect  a  governing  element,  cases  may  arise  in 
new  construction  in  which  it  is  necessary  to  temporize  with  the  profile 
in  regard  to  limiting  grade ;  that  is,  to  construct  a  temporary  line  with 
grade  steeper  than  the  limiting  one,  a  line  which  will  be  used  until  future 
traffic  conditions  warrant  the  construction  on  the  alinement  as  projected. 
In  such  cases,  in  the  consideration  of  the  economic  value  of  reducing  the 
grade,  it  must  be  taken  into  account  that  the  cost  of  any  temporary  work 
thrown  away  must  eventually  be  borne  by  the  permanent  line.  This  fact 
should  emphasize  the  desirability  of  avoiding  temporary  work  whenever 
the  finances  of  the  company  warrant  the  immediate  construction  of  the 
permanent  line. 

It  is  conceivable  that  a  considerable  improvement  may  be  made  by 
merely  heightening  a  fill  in  a  sag  without  altering  the  horizontal  aline- 
ment. The  additional  work  in  this  case  will  cost  but  little  more  than  it 
would  have  cost  originally,  with  the  advantage  of  saving  several  years' 
interest  on  the  added  cost.  In  the  other  extreme  it  might  be  necessary 
to  utterly  abandon  a  considerable  section  of  the  line,  and  in  such  case  the 
road  would  become  perpetually  burdened  with  an  interest  charge  on  both 
lines.  The  very  patent  fact  that  improvements,  especially  when  not 
planned  during  the  original  construction  of  the  road,  so  frequently  require 
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the  abandonment  of  considerable  old  work  the  cost  of  which  will  be  per- 
petually represented  in  the  fixed  charges,  causes  a  delay  in  the  reconstruc- 
tion for  a  number  of  years  until  the  disadvantages  of  uneconomical  oper- 
ation become  so  great  as  to  be  intoljCrable. 

The  possibility  of  permanently  utilizing  the  temporary  line  as  a 
branch  line,  or  even  as  a  mere  freight  track  by  which  to  reach  factories 
and  other  industries,  may  exclude  all  permanent  loss  from  the  question. 
It  may  happen  that  the  line  can  be  used  to  handle  the  local  traffic,,  and 
one  more  direct  for  through  business  built  later;  the  temporary  line  could 
then  be  used  as  a  second  track  if  the  gradients  are  favorable  in  one 
direction.  In  this  case  one  would  be  enabled  to  "eat  his  cake  and  keep  it, 
too."  The  cheap  temporary  line  serves  its  original  purpose  and  saves  the 
immediate  construction  of  the  expensive  permanent  line,  and  yet  both 
the  preliminary  and  the  later  expenditure  are  fully  justified  by  their 
utilization. 

As  a  practical  result,  it  may  be  taken  for  granted  that  a  much 
heavier  traffic  is  needed  to  justify  the  abandonment  of  a  temporary  line 
than  would  justify  the  construction  of  a  permanent  line  designed  for 
heavy  traffic. 

A  very  interesting  collection  of  figures  has  recently  been  brought  to 
the  notice  of  the  Committee.  The  name  of  the  road  and  the  exact  loca- 
tion of  the!  improvement  need  not  be  stated,  but  the  essential  facts  and 
figures  are  given.  A  section  of  the  road  over  83  miles  long  was  built 
originally  with  very  sharp  curvature  and  heavy  grades  in  order  to  reach 
certain  coal  fields. 

It  was  considered  imperative  to  reach  the  coal  fields  at  once,  and 
therefore  the  construction  of  an  alternative  shorter  low-grade  line  was 
deferred.  About  two  years  ago,  the  low-grade  line  was  completed,  at  a 
cost  of  nearly  five  million  dollars  for  59  miles  of  road.  Over  24  miles  of 
distance  is  saved  by  the  new  line.  The  limiting  grade  against  east- 
bound  traffic  has  been  reduced  from  0.91  per  cent,  to  0.05  per  cent.  The 
limiting  westbound  grade  on  the  old  line  is  1.15  per  cent.  On  the 
new  line,  with  the  exception  of  a  0.24  per  cent,  grade  on  the  approach  to 
a  bridge,  there  is  no  grade  against  westbound  traffic.  The  total  rise 
against  eastbound  traffic  was  reduced  from  687  ft.  to  69  ft.,  and  against 
westbound  traffic  from  438  ft.  to  17  ft.  The  maximum  rate  of  curvature 
was  reduced  from  12  degrees  to  6  degrees  and  the  total  curvature  from 
19,783  degrees  to  5,075  degrees.  The  average  degree  of  the  curve  was 
reduced  from  7  degrees  50  minutes  to  3  degrees  19  minutes.  This  re- 
quired 10,222  ft.  of  tunnels  as  against  4,096  ft.  on  the  old  line.     In  this 
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case,  however,  the  old  line  was  not  abandoned.  It  is  still  used  for  trains 
of  eastbound  empty  coal  and  coke  cars.  But  all  the  westbound  business 
and  also  the  eastbound  time  freight  passes  over  the  new  line.  The  two 
lines  may  virtually  be  considered  as  a  double-track  line. 

The  results  of  this  improvement  are  given  by  a  comparison  of  the 
business  of  the  year  1904,  handled  entirely  on  the  old  line,  and  that  of 
1505,  handled  on  both  lines  as  described  above.  Notwithstanding  an 
actual  growth  in  business  of  22  per  cent.,  the  work  was  done  with  an 
economy  of  2  per  cent,  in  freight  engine  mileage,  besides  the  disuse  of 
three  pusher  engines,  with  a  mileage  of  138,816  miles  in  1904.  Again, 
in  spite  of  22  per  cent,  increase  of  business,  the  freight  train  wages  were 
actually  19  per  cent,  less  than  in  1904.  On  account  of  the  relief  of  the 
congestion  of  the  old  line,  the  overtime  of  the  freight  trains  was  reduced 
from  $80,000  to  less  than  $43,000,  a  saving  of  46  per  cent.  The  average 
time  of  freight  train  runs  was  reduced  from  18  hours  28  minutes  to 
12  hours   35   minutes,    a   saving  of  32  per   cent. 

After  allowing  for  the  increase  of  22  per  cent,  in  traffic  over  the 
figures  for  1904  and  comparing  these  figures  with  the  actual  figures  for 
1905,  it  was  estimated  that  the  saving  in  operating  expenses  resulting 
from  the  construction  and  operation  of  the  new  line  amounted  to  nearly 
$238,000,  which  is  nearly  5  per  cent,  of  the  total  cost  of  the  new  line.  It 
is  also  claimed  that  the  $238,000  does  not  fully  measure  the  true  saving 
owing  to  the  fact  that  the  old  line  was  already  being  worked  to  nearly 
the  limit  of  its  capacity.  But  even  accepting  that  figure  as  correct,  a 
saving  of  S  per  cent,  during  the  first  year  after  construction  may  be 
considered  a  remarkable  justification  of  the  construction  of  the  new  line. 

While  the  Committee  realizes  that  all  the  facts  bearing  upon  this 
comparison  are  not  stated,  and  are  not  available  at  this  time,  nevertheless 
it  considers  that  what  is  given  may  be  of  considerable  interest  and  value 
to  the  members. 

In  regard  to  the  period  for  which  future  traffic  should  be  dis- 
counted, by  the  very  nature  of  the  case  it  varies  with  the  character  of  the 
temporary  line,  the  capital  which  will  be  wasted  in  abandoning  the  tem- 
porary line  and  the  probable  rapidity  of  growth  of  the  traffic.  It  also 
depends  upon  the  very  variable  and  almost  indeterminate  annual  loss  due 
to  uneconomical  handling  of  traffic.  Even  the  temporary  line  is  supposed 
to  be  so  designed  that  the  existing  meager  traffic  is  handled  as  economic- 
ally as  is  justified  by  such  traffic.  The  growth  in  traffic  is  literally  a 
growth,  and  does  not  increase  by  leaps  and  bounds.  The  justification 
of  the   larger   expenditure   changes    from   zero   at   the   beginning  of   the 
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period  to  some  larger  amount  at  which  a  change  is  imperatively  de- 
manded. Even  the  change,  although  gradual,  is  not  necessarily  at  a 
uniform  rate.  There  can  be  no  empirical  rule  for  determining  the 
number  of  years  in  advance  that  it  is  desirable  to  provide  for,  but  if 
the  actual  tonnage  for  a  considerable  period  of  years  is  plotted  to  form 
a  curve,  the  extension  of  the  curve  will  give  probably  the  best  obtainable 
prophecy  of  future  traffic.  Where  changes  can  be  cheaply  made  after- 
wards a  small  number  of  years  seems  proper,  but  where  alterations  suit- 
able for  increased  traffic  would  mean  the  entire  disuse  of  much  expensive 
work,  a  much  longer  period  in  advance  is  advisable. 

A  consideration  of  the  foregoing  uncertainties  will  show  that  a 
definite  mathematical  solution  is  seldom  possible.  It  would  appear  as  if 
the  question  must  be  finally  determined  by  "judgment,"  although  the 
judgment  should  be  guided  by  a  careful  consideration  of  all  the  modifying 
elements,  and  each  change  should  be  considered  by  itself  even  on  the 
same  road. 

Your  Committee  finds  that  at  almost  every  step  in  the  study  of  the 
Economics  of  Railway  Location,  whether  it  be  in  connection  with  rise 
and  fall,  distance,  curvature,  or  the  adjustment  of  grades  in  any  of  its 
phases,  the  element  of  train  resistance  is  very  near  the  basis  from  which 
the  investigation  must  be  pursued.  It  has,  therefore,  seemed  to  the  Coni- 
mittee  that  this  report  should  with  propriety  deal  with  this  very  important 
subject,  and  take  up  with-  some  thoroughness  the  consideration  and  com- 
parison of  the  various  formulas  for  train  resistance.  In  connection  with 
these  formulas,  of  necessity  much  attention  must  be  given  to  a  con- 
sideration of  the  elements  or  factors  or  influences  which  affect  this 
resistance,  and  of  the  views  about  it  which  have  been  entertained  by 
those  who  have  given  special  attention  to  this  subject. 

It  is  hoped  that  this  report  will  call  attention  to  the  many  features 
of  train  resistance,  and  to  the  difficulties  in  arriving  at  proper  results, 
so  that  the  outcome  may  be  many  new  experiments  made  under  favor- 
able auspices  upon  track  substantially  standard,  in  such  a  way  that  results 
found  even  in  different  places  may  justify  comparison. 

Your  Committee,  however,  feels  that  conditions  in  different  parts 
of  the  country  are  still  sufficiently  unlike  so  that  it  is  desirable  that  each 
company  should  do  some  work  upon  such  matters,  under  the  local  con- 
ditions that  there  prevail. 


150  ECONOMICS    OF   RAILWAY   LOCATION. 

TRAIN   RESISTANCE. 

Train  resistance  may  most  conveniently  be  considered  as  made  up 
of  three  parts : 

(i)     Resistance  on  a  level  tangent. 

(2)  Resistance  due  to  grade. 

(3)  Resistance  due  to  curves. 

Of  these,  the  first,  or  resistance  on  a  level  tangent,  has  been  the  subject 
of  numerous  experiments,  the  results  from  which  have  failed,  however, 
to  present  the  degree  of  uniformity  desirable ;  the  reasons  for  this  will 
appear  later. 

The  second,  or  resistance  due  to  grade,  is  capable  of  exact  mathe- 
matical determination. 

The  third,  or  resistance  due  to  curves,  may  be  said  to  have  been 
determined  by  experience  rather  than  by  experiment,  without  perfect 
accuracy,  yet  sufficiently  well  to  meet  the  general  requirements  of  the 
case. 

The  resistance  due  to  grade  is  a  matter  mainly  of  mathematical 
determination  and  is  found  by  the  formula  r^=20g  where  r,,  =  resist- 
ance due  to  grade  and  g^  grade  in  feet  rise  per  100. 

Curve  resistance  is  estimated  by  different  engineers  at  different  values. 
The  compilation  once  made  by  the  Committee  on  Roadway  of  this 
Association  showed  that  0.8  lb.  per  ton  per  deoree  of  central  angle,  or  0.04 
for  compensation  per  degree,  well  represented  average  practice. 

Resistance  on  a  level  tangent:  There  are  various  elements  which  to- 
gether make  up  the  total  resistance  on  a  level  tangent.  These  may  be 
specified  as  follows : 

(i)  Rolling  friction    (between  wheel  and   rail). 

(2)  Journal   friction    (between  journal  and  bearing). 

(3)  Atmospheric  resistance    (head,  tail  and   side). 

(4)  Oscillation  and  concussion. 

We  know  none  too  much  about  any  one  of  these  by  itself,  and  it 
is  perhaps  not  strange  that  our  knowledge  of  their  combined  effect 
upon  the  train  should  be  less  satisfactory  than  is  desirable.  We  know 
that  journal  friction  decreases  with  speed  up  to  a  certain  speed,  and 
that  atmospheric  resistance  increases  with  an  increase  of  speed,  possibly 
as  the  square  of  speed.  Rolling  friction  we  know  still  less  about.  About 
oscillation  and  concussion  we  know  very  little. 

An  investigation  of  some  of  the  existing  formulas  for  train  re- 
sistance will  not  only  be  of  historic  interest,  but  will  lead  to  a  good  ap- 
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preciation  of  the  situation  and  of  the  difficulties  in  determining  just  what 
resistance  to  allow  for  in  the  work  of  Economics  of  Railwaj^  Location. 
There  had  been  something  done  in  the  way  of  experiments  upon  the 
friction  of  wheel  carriages  running  on  rails  previous  to  1818,  but 
neither  the  methods  nor  the  results  are  worth  writing  about  here.  The 
earliest  experiments  of  real  importance  upon  train  resistance  of  which 
formal  record  is  available  appear  to  be  those  of  George  Stephenson  and 
Nicholas  Wood,  in  October,  1818,  upon  the  "Killingworth  Railroad," 
recorded  in  "A  Practical  Treatise  on  Railroads,"  by  Nicholas  Wood,  on 
p.  171    (and  following  pages)   of  first  American  edition: 

"A  spring  dynamometer  was  first  used,  but  we  found  its  action  sub- 
ject to  such  irregularity  that  we  were  obliged  to  abandon  it  and  resort 
to  one  of  the  following  construction." 

This  was  a  very  heavy  pendulum,  a  weight  attached  to  an  arm,  and 
the  pull  was  measured  by  the  deviation  from  the  horizontal.  This 
dynamometer  car  was  pushed  by  hand  and  at  slow  speeds,  and  11  ex- 
periments showed  resistances  varying  from  about  10  lbs.  to  about  20  lbs. 
per  ton  of  2,240  lbs.,  the  difference  being  due  mainly  to  differences  in  age 
or  quality  of  wheels  or  bearings,  but  also  in  part  to  the  load,  the  best 
record,  10.2  lbs.,  being  for  a  car  weighing  2,325'  lbs.,  loaded  v/ith  5,300 
lbs.  of  coal.  The  worst  record,  19.7  lbs.,  was  for  four  empty  cars  of  total 
weight  9,300  lbs.,  but  with  wheels  much  worn. 

Other  experiments  were  made  by  Mr.  Wood  in  1824,  the  method 
being  to  drop  the  car  down  an  inclined  plane  whose  rate  of  inclination 
was  known.  Experiments  were  made  to  show  the  effect  on  resistance 
of  load  and  speed;  and  to  investigate  rolling  as  distinct  from  journal 
friction.  Still  other  experiments  were  made  with  a  train  starting  at 
rest,  running  down  an  incline,  then  up  another  incline  until  it  came  to 
rest,  the  lowest  resistance  found  being  6.8  lbs.  per  ton  of  2,240  lbs.  The 
results  of  these  experiments  have  lost  their  importance,  but  they  are 
mentioned  because  the  methods  and  the  scope  not  only  showed  a  con- 
siderable appreciation  of  the  problem,  but  also  formed  some  foundation 
for  later  work. 

From  Harding's  paper  in  Proceedings  of  the  Institution  of  Civil  En- 
gineers, 1846,  v.,  p.  369: 

"It  appears  that  Mr.  Herapath,  in  the  'Railway  Magazine'  of  May, 
1836,  was  the  first  writer  who  drew  attention  to  the  practical  effect  which 
the  resistance  of  the  atmosphere  would  have  upon  railway  trains  moving 
at  high  velocities.     He  gave   in  that  publication  a   table  founded  not,  it 
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would  seem,  on  experiment,  but  to  use  his  own  words,  'on  deductions 
from  physical  principles,  showing  a  computed  arithmetical  value  of  the 
retarding  force  in  pounds  at  various  velocities.'  " 

Dr.   Dionysius   Lardner,   in   the  "Steam   Engine,"    1840,  p.  408,   says: 

"In  the  autumn  of  1838  a  course  of  experiments  was  commenced  at  the 
suggestion  of  some  of  the  proprietors  of  the  Great  Western  Railway 
Company.  ...  A  part  of  these  experiments  were  intended  to  de- 
termine the  mean  amount  of  the  resisting  force  opposed  to  the  moving 
power,  and  this  part  was  conducted  by  me.  After  having  tried  various 
expedients  for  determining  the  mean  amount  of  resistance  of  the  moving 
power,  I  found  that  no  method  gave  satisfactory  results  except  one 
founded  on  observing  the  motion  of  trains  by  gravity  down  steep  inclined 
planes.     .     .     . 

"Founded  on  these  principles  a  vast  number  of  experiments  were 
made  on  planes  of  different  inclinations,  and  with  loads  of  various 
magnitudes,  and  it  was  found  .  .  .  that  the  same  train  on  different 
inclined  planes  attained  different  uniform  speeds,  on  the  steeper  planes 
a  greater  speed  being  attained.  From  such  experiments  it  follows,  con- 
trary to  all  that  has  been  previously  supposed,  that  the  amount  of  re- 
sistance to  railway  trains  had  a  dependence  on  the  speed ;  that  this 
dependence  was  of  great  practical  importance,  the  resistance  being  subject 
to  very  considerable  variation  at  different  speeds,  and  that  this  source  of 
resistance  arises  from  the  atm.osphere  which  the  train  encounters.  This 
was  rendered  obvious  by  the  different  amounts  of  resistance  to  the 
motion  of  a  train  of  coaches  and  to  that  of  a  train  of  low  waggons  of 
equal  weight." 

Previous  to  this  the  resistance,  generally  supposed  to  be  uniform  at 
all  speeds,  was  taken  at  about  8  lbs.  per  ton  of  2,240  lbs. 

These  experiments  of  Lardner  and  others  seem  to  have  formed  a 
considerable  part  of  those  referred  to  in  Harding's  paper  in  1846,  and 
upon  which  the  formula  of  Russell  was  based,  as  given  in  that  paper. 
Russell's  formula,  to  be  shown  later,  was  not,  however,  the  first  published, 
for  in  1840  in  his  "Locomotive  Engine"  Count  de  Pambour  proposed  two 
alternative  formulas,  as  follows : 

R  =  6  + 0.002687  SV=   (i). 

R  =  7  4- 0.002687  AV=  (2). 
in  which 

R  ^  resistance  in  lbs.  per  ton   (2,240) 

A  =  area  of  frontage  of  train 
S  =  "resisting  surface"  of  train 

n  =  number  of  cars. 

He  was  disposed  to  take  A  as  70  sq.  ft,  and  S  as  70  +  10  n,  the  result 
being  in  sq.  ft. 
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Pambour  described  his  formula  as  being  made  up  of  two  parts,  the 
friction  of  the  wagons,  and  the  atmospheric  resistance.    On  p.  162  he  says: 

"From  these  experiments,  the  mean  friction  of  the  waggons,  taken 
independently  of  the  resistance  of  thq  air,  amounts  to  1/389  of  the  gross 
weight  of  the  waggons,  or  to  5.76  lbs.  per  ton;  but  to  simplify  the 
calculations,  we  will  take  it  at  6  lbs.  per  ton,  which  makes  1/373  of  the 
weight  of  the  waggons." 

As  to  atmospheric  resistance,  the  value  S  in  the  formula  represents 
what  he  calls  the  "resisting  surface,"  which  includes  not  only  the  head 
resistance  against  the  front  of  the  train,  but  additional  resistance  for 
every  car,  and  in  his  formula,  as  stated,  S  ^  70  +  10  n,  where  n  =  number 
of  cars.     He  explains  this  allowance  as  follows,  p.  129: 

"On  railwa3^s  of  about  5  feet  width  of  way,  the  surface  of  the  highest 
waggon  may  at  a  medium  be  reckoned  at  70  to  74  square  feet ;  we  may 
then  esteem,  in  general,  the  resisting  surface  of  a  train  of  waggons  at 
70  square  feet,  plus  as  many  times  10  feet  as  there  are  carriages  in  the 
train,  including  the  engine  and  its  tender.  If  the  train  consists  of 
diligences,  as  their  surface  is  from  60  to  64  square  feet,  then  in  the 
preceding  estimation  the  number  70  must  be  replaced  by  the  number  60. 

"If  the  road  has  a  wider  way,  or  if  the  carriages  offer  a  surface 
different  from  that  we  have  just  indicated,  the  carriage  of  greatest 
section  must  be  measured,  and  that  measure  used,  instead  of  the  number 
70  or  the  number  60  of  the  above  calculation. 

"These  are  the  results  which  ought  to  be  used,  when,  for  the  resistance 
of  the  air,  the  determination  deduced  from  the  most  exact  experiments 
on  the  subject  is  used,  and  when  account  is  taken,  as  it  ought  to  be,  of 
the  length  of  the  prism  formed  by  the  train  in  motion,  as  well  as  of  the 
effects  of  the  air  against  the  rotation  of  the  wheels  and  the  necessary 
parts  of  the  waggons.  But  ...  if  account  were  taken  only,  as  is 
the  custom,  of  the  resistance  of  the  air  against  the  front  surface,  or 
transverse  section,  of  the  train ;  that  is  to  say,  if  the  calculation  of 
the  foregoing  experiment  were  performed  anew  .  .  .  giving  to  V  the 
value  indicated  by  the  waggon  of  greatest  section,  then  it  would  be  found 
that  the  friction  of  the  waggons  should  be  taken  at  7  lbs.  per  ton. 

"It  appears  then  from  this  result  that  for  the  mean  velocity  of 
trains  during  the  experiments  it  would  be  •  indifferent  to  compute  the 
friction  of  the  waggons  at  5.76  lbs.  per  ton,  taking  account  of  the  real 
resistance  of  the  air  and  of  its  effect  against  the  accessory  parts  noticed 
above,  or  to  take  the  friction  of  the  waggons  at  7  lbs.  per  ton,  accounting 
merely  .  .  .  for  the  resistance  of  the  air  against  the  waggon  of 
greatest  section.  On  the  other  hand,  as,  during  the  work  of  the  engines, 
their  velocity  is  so  much  the  greater  as  the  train  they  draw  is  less 
considerable,  whence  the  resistance  of  the  air  increases  as  the  friction 
of  the  train  diminishes,  it  will  equally  be  found  that  either  of  the  two 
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preceding  calculations  leads  to  very  nearly  the  same  result,  for  the  total 
resistance  opposed  by  the  moving  train,  and  that  it  is  only  in  cases  of 
extreme  velocity  that  the  two  modes  of  calculation  present  a  difference 
which  is  noticeable. 

"Without  any  important  error  then,  the  second  of  the  two  modes 
of  calculation  may  be  used.  .  .  .^We  have  duly  given  it  the  preference, 
remarking  at  the  same  time  that  the  definite  results  of  the  calculations 
will   not    thereby   be    notably    changed. 

"This  satisfaction,  however,  attends  the  coincidence  which^  we  have 
just  noted,  viz.,  that  an  error  in  the  valuation  of  one  of  the  two  elements 
of  the  total  resistance  would  cause  no  important  error." 

The  experiments  from  which  he  derived  his  value  of  6  or  5.76  were 
made  by  what  is  often  called  the  drop  test;  starting  from  rest  at  a 
known  elevation  running  down  a  steep  grade  and  then  over  a  very 
low  grade  until  a  state  of  rest  was  again  reached  at  a  point  whose 
elevation  was  known  as  well  as  its  distance  from  the  point  of  starting. 
The  grade  of  inclination  between  these  two  points  gave  the  measure  of 
resistance. 

There  have  been  numerous  criticisms  of  this  method  of  testing  upon 
the  ground  that  the  cars  at  the  front  would  naturally  meet  with  the 
greatest  resistance,  causing  crowding  of  the  flanges  against  the  rails  and 
so  giving  increased  resistance. 

This  method  is  discussed  by  Clark  in  his  "Railway  Machinery," 
p.  291 : 

"In  a  paper  'On  the  Resistance  to  Railway  Trains  at  Different 
Velocities,'  read  by  Mr.  Gooch  before  the  Institution  of  Civil  Engineers, 
April  18,  1848,  he  embodied  the  results  cf  his  experiments,  and  he  showed 
in  what  respects  the  experiments  of  his  predecessors  were  deficient  with 
respect  to  experiments  made  by  the  force  of  gravity  on  descending  planes, 
and  truly  says  that  'the  resistance  may  be  made  to  vary  with  every 
change  in  the  position  and  weights  of  the  carriages  in  the  train.  A 
heavy  carriage,  for  instance,  placed  between  some  light  ones  will  show 
a  greater  resistance  for  that  train  than  if  it  was  placed  in  the  front; 
and  so  in  proportion  as  the  carriages  are  pushed,  instead  of  being  pulled 
down  the  incline,  will  the  resistance  increase.'  " 

"  'The  first  carriage,'  he  proceeds,  'whether  heavy  or  light,  if  not 
preceded  by  a  locomotive  engine,  must,  with  a  head  wind,  get  the  whole 
resistance  due  to  the  frontage.  .  .  .  This  retarding  force  has  to  be  over- 
come by  the  gravity  of  the  various  carriages  in  the  train  pushing  at  the 
first  one,  and  consequently  pushing  each  other,  and  increasing  many  of 
the  sources  of  resistance;  in  fact,  exactly  reversing  the  practical  working 
of  a  railway  train.    .    .    .    The  resistance  measured  by  the  method  must, 
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therefore,  be  very  uncertain,   and   will,   I   think,   in  all  cases,  exceed  the 
amount  due  to  the  same  train  worked  in  the  usual  manner.'  " 

In  answer  to  such  objections  Pambour  writes,  p.  125: 

"As  to  the  mode  of  experiment  here  employed,  we  must  say  that 
when  the  resistance  of  the  air  against  the  front  surface  of  the  trains 
only  is  considered,  it  may  appear  that  during  the  descent  of  the  five 
waggons  united  they  must  have  pressed  strongly  one  against  the  other, 
because  the  shock  of  the  air,  which  was  the  resistance,  exerted  its  effort 
against  the  front,  whereas  the  gravity,  which  was  the  motive  force, 
acted  nearly  in  the  center  of  the  m.ass  in  motion.  Hence,  therefore,  it 
might  be  concluded,  that  this  pressure  of  the  waggons  one  against  the 
other  would  throw  them  out  of  square  upon  the  line,  and,  consequently, 
in  this  case,  make  their  friction  appear  greater  than  it  really  was.  .  .  . 
A  pressure  of  the  waggons  one  against  the  other  may,  in  effect,  throw 
them  out  of  square  when  they  are  connected  by  stiff  bars,  because  the 
shortening  of  the  train  tends  to  set  those  bars  across,  and  thus  drive  the 
waggons  against  the  rails  on  either  side.  But  the  waggons  here  em- 
ployed were  not  of  this  kind;  they  were  joined  together  merely  by 
chains,  and  in  that  state  the  mutual  contact  took  place  by  the  projecting 
ends  of  the  frame  on  each  side;  consequently,  it  could  only  tend  to 
maintain  them  more  directly  on  the  road,  since,  in  such  a  system  of 
junction,  the  shortest  line  the  train  can  form,  or  that  which  is  determined 
by  the  pressure  of  the  hinder  waggons,  is  not  a  crooked  line  as  in  the 
case  of  the  stif?  bars,  but  a  straight  and  direct  line  from  one  end  of  the 
train  to  the  other.  None  of  these  accessory  effects  then  occurred  in  the 
experiments  which  we  are  about  to  report." 

There  was  much  prejudice  and  bitterness  of  feeling  upon  this 
matter  at  that  time,  so  that  the  following  extract  from  the  very  valuable 
paper  of  Aspinall  in  the  Proceedings  of  the  Institution  of  Civil  En- 
gineers, 1901,  CXLVII,  p.  165,  is  of  special  value  as  to  this  special 
contention : 

"Coasting  Experiments. 

"In  order  to  verify,  if  possible,  the  results  obtained  with  the  dynamom- 
eter car,  a  number  of  kinetic-energy  or  'coasting'  experiments  were 
made.  These  experiments  were  carried  out  with  the  same  train  and  over 
the  same  line  as  the  dynamometer  tests,  and  were  made  as  follows: 

"Two  points  were  marked,  one  at  each  end  of  the  line.  The  engine, 
being  placed  behind,  started  the  train  in  motion  about  a  mile  in  advance 
of  one  of  the  points,  the  speed  of  the  train  being  accelerated  through 
this  distance.  When  the  point  was  reached,  steam  was  shut  off  and 
the  brake  was  applied  to  the  engine,  which,  not  being  coupled,  was 
separated  from  the  train.  At  the  instant  of  separation  the  apparatus  in 
the  car  was  started,  being  so  arranged  that  each  revolution  of  the  car- 
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wheels  was  marked  on  a  revolving  drum,  which  was  rotated  by  clock- 
work. These  revolutions  of  the  car-wheels  were  also  observed  in- 
dependently every  half-minute,  by  two  observers,  with  a  Harding  counter. 
The  mile  posts  were  also  noted  by  another  observer.  From  these  par- 
ticulars it  was  possible  to  ascertain  the  speed  at  any  instant.  The 
resistance  was  calculated  from  the  change  of  kinetic  energy. 

"The  results  obtained  with  trains  of  various  lengths,  consisting  of 
from  one  to  eleven  coaches,  and  without  engine,  are  shown  (in  Aspinall's 
paper).  It  will  be  observed  that  the  results  vary,  and  the  author  con- 
cludes that  this  is  due  to  excessive  lateral  movement,  owing  to  wind  and 
crowding.  This  latter  takes  place  owing  to  the  extra  wind-resistance  on 
the  first  coach,  which  allows  the  following  coaches  to  come  forward 
slightly,  and  therefore  they  have  a  tendency  to  oscillate  and  to  develop  a 
certain  amount  of  flange-friction." 

When  the  experiment  is  made  by  allowing  a  train  to  start  from  rest 
and  finally  come  to  rest  again,  there  is  an  additional  objection  in  the 
fact  that  the  average  resistance  is  likely  to  be  unduly  large  for  the 
reason  that  the  resistances  at  low  speeds  are  large,  so  that  the  resist- 
ances at  starting  and  stopping,  which  are  large,  improperly  increase  the 
average. 

With   relation   to   atmospheric    resistance,    it    is   worthy   of  note   that 
Pambour's   formula   in   1840  added  to  the  allowance   for  the  frontage  of 
train  about  14  per  cent,  for  each  car  of  the  train;  the  allowance  found 
by  Goss  in  1898,  in  very  carefully  conducted  experiments  on  models,  was 
about  10  per  cent.     Pambour's  method   of  making  allowance  for  length 
of  train  in  the  atmospheric  term  of  his  formula,  although  not  followed 
by  others,  seems  now  to  have  been  well  devised.     The  amount  of  such 
resistance  varies  in  the  formulas  of  the  two  authorities.     Pambour  found 
(70  +  ion)  0.002687  V^ 
or  (0.18809  -f-  0.02687  n)  V"; 
Goss  found  (0.125  +  o.i  n)  V", 
a  result  noticeably  smaller  than  Pambour's ;  but  Goss  discovered,  in  his 
experiments,    that    the    head    and    tail    resistance    on    a    car    were    much 
smaller    than   usually    assumed,    or    only   about   half   what    theory    would 
indicate. 

Another  American  experimenter,  Davis,  says  in  the  "Street  Railway 
Journal,"  1904,  p.   1000: 

"Experiments  on  the  Buffalo  and  Lockport  Railway  showed  the  side 
resistance  of  a  single  car  was  equivalent  to  about  one-tenth  the  head 
and  stern  resistance." 
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While  this  was  on  an  intern rbau  electric  railway  and  not  on  a 
steam   line,   it   sheds    additional   light   upon   this    point. 

Chanute,  in  "Haswell's  Engineers  and  Mechanics'  Handbook,"  1884 
edition,  p.  683,  says: 

"Recent  experiments  on  the  Erie  Railway  seem  to  indicate  .  .  . 
that  each  subsequent  car  niaj-  be  assumed  to  offer  a  resistance  of  20  per 
cent,  of  that  of  first  car." 

Sir  Henry  Bessemer,  in  some  experiments  described  in  the  "Journal 
of  the  Franklin  Institute,"  1847,  p.  145,  worked  with  "models  one-sixth 
the  size  of  those  in  use  upon  railways."  In  his  laboratory  he  whirled 
these  upon  a  platform  and  used  a  spring  balance  and  a  registering  de- 
vice to  determine  the  pressure.  At  4.5  miles  per  hour  he  found  a 
resistance  for  a  single  car  of  10  lbs.  per  sq.  ft.,  and  for  each  additional 
car  about  4  lbs.  additional,  or  40  per  cent.,  where  de  Pambour  and  Goss 
and  Davis  found  more  nearly  10  per  cent.  Bessemer's  resistances  were 
2.1  at  20  miles;  3.2  at  25;  4.5  at  30;  6.1  at  35;  and  10  at  45  miles. 
These  vary  nearly  as  the  squares  of  the  speeds. 

Desdouits,  in  a  paper,  an  abstract  of  which  appears  in  the  Proceed- 
ings of  the  Institution  of  Civil  Engineers,  CII,  p.  380,  directs  atten- 
tion to 

"An  extremely  important  element  of  resistance  .  .  .  the  reaction 
of  the  surrounding  atmosphere,  the  greater  portion  of  which  applies 
directly  to  the  locomotive,  the  resistance  of  which,  with  high  speed 
trains,  amounts  frequently  to  more  than  half  the  total  resistance.  Two 
engines,  of  which  the  resistance  was  measured  separately  and  found 
to  be  19.8  lbs.  per  ton  at  37  miles  per  hour,  were  coupled  together  and 
again  tried.  The  resistance  fell  to  14.3  lbs.  per  ton ;  the  second  engine 
was  masked  by  the  first.  It  is  argued  that  by  a  suitable  adaptation  to 
the  front  of  the  engine  a  saving  of  from  8  to  10  per  cent,  of  the 
effective  power  could   be  made." 

Horton,  in  the  "American  Machinist,"  September  27,  1894,  says  of 
atmospheric  resistance  of  trains : 

"For  a  long  train  the  atmospheric  resistance  is  less  than  for  a  short 
one,  and  less  for  high  speeds  than  for  low,  since  for  very  high  speeds 
the  train  carries  a  sort  of  atmosphere  of  its  own,  and  the  friction  of  the 
atmosphere  on  this  moving  mass  of  air  being  less  than  on  the  rough 
joints  and  corners  of  the  train,  would  tend  to  decrease  the   resistance." 

The  experiments  of  Goss  upon  atmospheric  resistance  seem  to  be 
more  elaborate  than  any  of  the  others,  and  it  will  add  to  the  appreciation 
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of  the  atmospheric  term   in  the   formulas   if   an   abstract  of   Goss'  paper 
be  shown  here. 

The  paper  appears  in  the  "Proceedings  of  the  Western  Railway  Club," 
April,  1898,  p.  347. 

"atmospheric  resistance  to  the  motion  of  railway  trains. 

"The  resistance  which  must  be  overcome  by  a  moving  train  arises 
from  several  causes ;  as,  for  example,  from  the  rolling  friction  of  wheel 
on  rail,  the  effect  of  gradients  and  curvatures  in  the  track,  the  necessity 
of  producing  accelerations  in  the  speed,  the  friction  of  journals,  and 
from  the  resistance  of  the  atmosphere. 

"The  work  which  must  be  done  to  overcome  the  effect  of  grades 
and  to  produce  accelerations  in  speed  can  be  accurately  determined,  and 
the  value  of  journal  and  rolling  friction,  when  considered  apart  from 
complicating  conditions,  is  already  somewhat  definitely  known,  but  the 
available  evidence  concerning  atmospheric  resistance  is  contradictory 
and  the  result  of  its  application  uncertain.  The  importance,  therefore, 
of  this  latter  element  is  emphasized  by  the  fact  that  it  is  at  present  the 
chief  element  of  uncertainty  entering  into  any  general  consideration  of 
train  resistance.  It  is  with  this  element  only  that  the  present  discussion 
is  concerned. 

"the  plan  of  the  experiments. 

"The  plan  of  the  experiments  involved  a  rectangular  conduit,  within 
which  a  current  of  air  having  any  desired  velocity  could  be  maintained. 
Within  this  conduit,  and  exposed  to  the  action  of  the  air  currents,  small 
dummy  or  model  cars  were  mounted.  Each  model  was  connected  by 
means  of  a  sensitive  dynamometer,  with  a  suitable  base  so  arranged  as 
to  indicate  the  value  of  any  force  tending  to  displace  it  in  the  direction 
of  its  length. 

"conduit. 

"The  conduit  in  which  the  flow  of  air  was  maintained  for  the  experi- 
ments is  in  the  form  of  a  rectangular  tube  20  inches  by  20  inches  in  sec- 
tion and  60  feet  in  length. 

"The  velocity  of  the  moving  air  within  the  conduit  was  determined 
by   use    of   instruments    in   the    form   of   Pitot's    tubes. 

"the  model  cars. 

"Having  obtained  means  for  making  a  breeze  of  satisfactory  quality, 
for  determining  its  velocity,  the  next  and  last  step  concerned  the  model 
cars  which  were  to  be  exposed  to  its  influence.  To  facilitate  the 
description,  these  model  cars  will  hereafter  be  referred  to  as  models. 
These  were  one-thirty-second  the  size  of  an  assumed  box  car,  the  body 
of  the  model  extending  downward  and  occupying  the  space  which  in  an 
actual  car  intervenes  between  the  sills  and  the  rails. 
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"one  model. 

"The  effect  of  a  current  of  air,  impinging  directly  upon  the  end  of 
a  single  model,  may  be  assu'med  to  represent  the  sum  of  three  partial 
effects:  (i)  the  effect  of  the  direct'action  due  to  the  exposure  of  the 
initial  end  of  the  model;  (2)  the  effect  of  frictional  action  along  the 
sides  and  top  of  the  model;  and  (3)  the  effect  of  diminished  pressure 
or  'suction'  at  the  rear  of  the  model. 

"A  review  of  all  the  figures  presented  in  the  table  will  show  that  in 
every  case  the  force  tending  to  displace  the  model  is  less  than  that 
found  by  multiplying  the  calculated  wind  pressure  of  unit  area  by  the 
area  of  the  cross-section  of  the  model.  The  value  of  the  ratio,  while 
nearly  constant,  tends  to  become  less  as  the  velocities  of  the  air  currents 
are  increased.  The  error  would  not  be  great  if  the  ratio  of  the  actual 
force  to  the  calculated  force  were  assumed  to  be  always  0.5. 

"It  can  not  but  seem  strange  at  first,  that  the  direct  pressure  on  the 
front  of  the  model,  the  friction  of  the  wind  along  its  sides  and  top,  and 
the  suction  at  its  rear,  taken  altogether  should  actually  be  of  less  value 
than  that  which  results  from  the  impinging  stream  of  air  on  the  point 
of  the  gage.     But  the  fact  is  well  established. 

"two  models. 

"When  two  models  are  arranged  in  a  train,  the  first  is  affected  by 
the  direct  force  of  the  wind,  while  the  second  is  affected  by  the  suction 
of  the  passing  stream,  and  both  are  influenced  by  the  frictional  effects 
of  the  wind  upon  sides  and  top. 

"trains  of  three,  five,  ten  and  twenty-five  models. 

"The  results  of  experiments  upon  trains  varying  in  length  from  three 
models  to  twenty-five  models  appear  in  Tables  III,  to  YI.,  inclusive  (not 
shown  here). 

"a   summary  of   conclusions   to  be  drawn   from   work   with    models. 

"When  a  model  having  the  proportion  of  a  standard  freight  car,  or 
when  a  train  of  such  models  is  submerged  in  currents  of  air,  the  length 
of  the  model  or  train  being  extended  in  the  direction  of  the  current, 
effects   are  obsen-ed  which,  briefly  stated,   are   as   follows : 

"(i)  The  force  with  which  the  current  will  act  upon  each  element 
of  the  train,  or  upon  the  train  as  a  whole,  increases  as  the  square  of 
velocity. 

"(2)  The  effect  upon  a  single  model,  standing  alone,  measured  in 
terms  of  pressure  per  unit  area  of  cross-section,  is  approximately  0.5  the 
pressure  per  unit  area  as  disclosed  by  the  indications  of  the  Pitot  gage. 

"(3)  The  effect  upon  the  dift'erent  models  composing  a  train  varies 
with   different   positions   in   the   train;    it  ■  is   most   pronounced    upon    the 
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first  model ;  next  in  order  of  magnitude  is  its  effect  upon  the  last  model ; 
next,  its  effect  upon  each  intermediate  model  other  than  the  second ; 
and,  last  of  all,  is  its  effect  upon  the  second  model. 

"(4)  The  relative  effect  upon  dift'erent  portions  of  a  train  is  ap- 
proximately the  same  for  all  velocities ;  for  example,  any  intermediate 
model  other  than  the  second  always  has  a  force  to  resist,  which  is,  ap- 
proximately, one-tenth  that  resisted  by  the  first  model,  while  the  last 
model  has  a  force  to  resist  which  is  one-quarter  that  resisted  by  the  first. 

"(5)  The  ratio  of  the  effect  upon  each  of  the  several  models  com- 
posing a  train,  measured  in  pressure  per  unit  area  of  cross-section  com- 
pared with  the  pressure  per  unit  area  disclosed  by  the  indications  of  the 
Pitot  gage,  is  approximately,  for  the  first  model  of  the  train,  0.4 ;  for  the 
last  model  of  the  train,  o.i;  for  any  intermediate  model  between  the 
second  and  last,  0.04 ;  and  for  the  second  model,  0.032. 

"A  full-sized  car  having  the  same  proportions  with  the  models  used 
in  the  experiments,  would  be  a  plain  structure,  33  feet  long  and  9  feet 
wide,  rising  from  a  point  close  to  the  ground  to  a  height  of  12  feet  along 
the  center  and  11  feet  along  the  sides.  When  such  cars  are  arranged  in 
trains,  clear  spaces  of  three  feet  would  intervene  between  them.  This 
combination  of  cars  might  be  considered  as  representing  for  the  present 
purpose  an  ideal  train.  The  characteristics  of  an  actual  train,  however, 
are  difficult  to  define.  Cars  vary  in  the  dimensions  of  their  cross-section, 
in  their  length,  and  in  the  contour  of  their  sides  and  roof.  Box  cars 
are  of  simpler  outline  than  coaches,  and  vestibuled  trains  present  a  more 
uniform  cross-section  than  platformed  cars.  Trains  may  be  made  up  of 
cars  of  uniform  size,  or  of  cars  each  one  of  which  may  be  so  different 
in  its  proportions  or  outline,  as  to  produce  an  effect  upon  the  atmosphere 
through  which  it  moves,  measurably  different  from  that  produced  by  any 
other  car  of  its  train. 

"A  careful  review  of  the  subject  will  show  that  differences  in  form 
or  proportions  existing  between  the  model  and  the  actual  cars  may  not 
be  greater  than  those  existing  between  two  different  types  of  actual  cars. 
The  differences  in  effect  arising  from  these  differences  in  form  and 
proportion,  therefore,  may  be  no  greater  in  the  former  case  than  in 
the  latter.  If  this  is  true  the  models  will  serve  as  a  good  basis  from 
which  to  make  comparisons,  and  the  belief  is  that  the  results  which  are 
given  in  succeeding  paragraphs  are  not  only  sufficiently  accurate  for 
every  practical  purpose,  but  that  they  are  as  nearly  true  as  any  general 
statement  applying  to  all  conditions  of  service  can  be. 

"Before  proceeding  to  a  consideration  of  details,  it  will  be  well  to 
observe  that  estimates  which  have  hitherto  been  calculated  concerning 
the  value  of  the  resistance  offered  by  the  atmosphere  to  the  progress  of 
railway  trains,  have  been  generally  made  upon  a  tonnage  basis.  An  ex- 
planation for  this  is  doubtless  to  be  found  in  the  lack  of  knowledge  re- 
garding atmospheric  action.  As  the  other  resistances  to  which  a  train  is 
subject  are  well  expressed  upon  a  tonnage  basis,  it  has  been  convenient 
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to  express  that  which  is  of  uncertain  value  in  the  terms  of  those  facts 
which  are  better  known.  There  is  no  justification  for  such  a  practice, 
for  it  is  obvious  that  the  atmospheric  resistance  for  a  loaded  car  is  no 
greater  than  for  a  light  car,  values  in  either  case  depending  entirely  upon 
the  size,  proportions,  and  contour  of  tke  car. 

"The  atmospheric  resistance  for  full-sized  trains  of  cars  is  the  sum 
of  the  resistance  of  the  several  parts. 

"Thus   let   P  =  atmospheric   resistance  in   lbs.   per   ton    (2,000), 
n  =  number  of   cars   in   train, 
then  P  =  (0.105  +  o.oio  n)  V". 

"In  the  application  of  the  equations  given  in  the  preceding  paragraph, 
a  locomotive  and  tender  running  alone  may  be  regarded  as  two  cars. 

"resistance  offered  to  tr.'MNs  of  passenger  cars. 

"The  atmospheric  resistance  of  a  train  of  passenger  coaches  can  be 
determined  by  reducing  the  number  of  coaches  to  an  equivalent  number 
of  freight  cars.  In  general  it  will  be  sufficiently  accurate  if  each  coach 
is  made  equal  to  two  freight  cars.  Thus,  a  train  of  five  coaches  follow- 
ing a  locomotive  and  tender  may  be  considered  equivalent  to  12  units, 
of  which  the  locomotive  and  tender  each  count  one. 

"conclusions. 

"The  experiments  already  described  and  the  results  deduced  there- 
from, justify  certain  conclusions.  These,  while  stated  in  definite  form, 
are  in  fact  subject  to  a  variety  of  conditions  affecting  their  value,  the 
significance  of  which  is  fully  discussed  elsewhere  in  the  paper.  It  will 
be  well  to  note  in  this  connection  that  the  conclusions  here  given  apply  ' 
to  trains  and  parts  of  trains  having  an  area  of  cross-section  equal  to 
that  which  is  common  in  American  practice ;  also  that  being  intended  for 
general  use,  they  should  not  be  expected  to  apply  strictly  in  any  in- 
dividual case.  Their  application  may  in  individual  cases  lead  to  errors 
of  from  15  to  20  per  cent.,  but  even  with  this  limitation  the  conclusions 
given  are  vastly  superior  to  any  that  have  hitherto  been  offered ;  and 
with  this  limitation  also,  they  will  doubtless  be  found  entirely  sufficient 
for  every  requirement  arising  in  practice.    The  conclusions  are  as  follows : 

"(i)  The  resistance  offered  by  still  air  to  the  progress  of  a  loco- 
motive and  tender  running  at  the  head  of  a  train,  is  approximately  ten 
times  greater  than  that  which  acts  upon  an  intermediate  car  of  the 
same   train. 

"(2)  The  resistance  offered  by  still  air  to  the  progress  of  the  last 
car  of  a  train,  is  approximately  two  and  a  half  times  greater  than  that 
which  acts  upon  an  intermediate  car  of  the  same  train. 

"(3)  The  resistance  offered  by  still  air  to  the  progress  of  trains  and 
parts  of  trains  may  be  expressed  in  the  form  of  equations  in  which  P  is 
the  tractive  force  in  pounds  necessary  to  overcome  the  resistance  of  the 
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atmosphere,  and  V  is  the  velocity  in  miles  per  hour.  Such  equations  in 
which  the  values  of  constants  are  given  to  two  significant  figures  are  as 
follows : 

"g.     For   a  train   consisting  of  locomotive,   tender   and   freight  cars, 
P=  (o.i3  +  o.oin)  V" 
where  n  is  the  number  of  cars  in  the  train. 

"h.     For  a  train  consisting  of  locomotive,  tender  and  passenger  cars, 

P  =  (0.13  +  0.02  n)  V^ 
"i.      For  a  train  of  freight  cars  following  a  locomotive,  but  not  in- 
cluding either  locomotive  or  tender, 

p=z  (0.016 +  0.01  n)  V=. 
"j.      For  a  train  of  passenger  cars  following  a  locomotive,  but  not 
including  either  locomotive  or  tender, 

P  =  (0.016  +  0.02  n)  V\ 
"k.     For  a  locomotive  and  any  train,  either  freight  or  passenger, 

p  =  0.0003  (L  +  347)  v= 

where  L  is  the  length  of  the  train  in  feet. 

"1.  For  a  train  of  cars,  either  passenger  or  freight,  following  a 
locomotive,  but  not  including  either  locomotive  or  tender, 

P==  0.0003  (1  +  53)  v= 

where  1  =:  combined  length  of  cars  composing  train." 

These  conclusions  and  formulas  of  Goss  are  entitled  to  careful  con- 
sideration. 

COMPARISON    OF   TRAIN   RESISTANCE   FORMULAS. 

The  formula  of  Pambour,  the  first  formula  published,  seems  to 
have  been  presented  first  in  1840,  and  since  that  time  formulas  almost 
without  number  have  appeared,  showing  very  great  variations  in  value. 
Two  diagrams  are  shown  here  to  give  some  idea  of  the  extent  of  variation 
between  the  different  formulas.  The  first  of  these.  Fig.  i,  shows  the 
compilation  made  by  Aspinall  in  his  valuable  paper  for  the  Institution 
of  Civil  Engineers  in  London  in  1901.  The  second,  Fig.  2,  shows  a 
similar  compilation  made  by  J.  G.  Crawford,  a  student  in  Cornell  Uni- 
versity, who  presented  for  his  thesis  a  discussion  of  some  extensive 
experiments  made  upon  the  Chicago,  Burlington  &  Quincy  Railroad,  and 
in  this  thesis  showed  this  diagram  of  formulas. 

The  discrepancy  between  the  various  formulas  is  explained  by  the 
fact  that  conditions  as  to  track  and  rolling  stock  were  very  different,  and 
perhaps  in  some  small  degree  to  inferior  methods  of  experimenting,  but 
more  largely  to  the  first  cause.  Figs.  3  and  4,  representing  the  most 
important  set  of  experiments  of  Aspinall,  and  the  experiments  of  Craw- 
ford, show  also  that  there  is  a  great  variation  even  in  a  series  of  ex- 
periments upon  the  same  railway  with  rolling  stock  of  the  same  general 
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character  and  with  conditions  as  nearly  alike  as  it  is  natural  to  find 
them.  The  conclusion,  almost  of  necessity  reached  from  a  study  of 
these  four  figures  is  that  a  formula  is  valuable  only  for  the  range  of 
experiments  made,  and  for  the  conditions  under  which  the  experiments 
were  carried  on.  If  we  accept  this  conclusion,  it  will  be  found  that  most 
of  the  formulas  that  are  in  use  have  come  from  experiments  made  upon 
passenger  trains,  that  comparatively  few  well-conducted  experiments  lead- 
ing to  formulas  have  been  made  upon  freight  trains,  and  that  many  of 
these  are  on  European  roads,  and  that  nearly  all  of  those  made  in  thte 
country  were  made  twenty  years  or  more  ago  when  the  conditions  as  to 
rolling  stock  and  roadbed  were  materially  diflferent  from  what  they  are 
now  and  when  the  train  loads  were  far  inferior  to  those  hauled  at  the 
present  time.  For  most  purposes  for  which  a  formula  for  train  resistance 
would  be  used  in  connection  with  the  economics  of  railway  location,  it  is 
the  resistance  of  freight  trains  which  ought  to  be  considered,  and  not  the 
resistance  of  passenger  trains.  Although  this  is  true,  it  will  be  found 
useful,  it  is  believed,  to  show  what  formulas  exist  and  so  far  as  possible 
when  they  were  made,  how  they  were  obtained  and  what  methods  were 
used  in  the  experiments  where  any  were  made.  It  is  desirable,  in  fact. 
that  a  complete  study  should  be  made  so  far  as  possible  of  this  subject, 
illustrated  by  what  is  found  as  to  facts  in  connection  with  these  ex- 
periments as  a  whole,  as  well  as  by  what  is  said  by  those  who  made  the 
experiments. 

In  the   formulas  given  herewith   the   symbols   used   will   represent  as 
follows : 

R^  resistance  in  lbs.  per  ton  of  2,240  lbs. 
R  =:resistance  in  kilogrammes  per  tonne  of  2,200  lbs. 
r  =  resistance  in  lbs.  per  ton  of  2,000  lbs. 
Formulas  will  generally  be  reduced  to  the  form  of  r,  etc. 
V  =  speed  in  miles  per  hour. 
/'  =  speed  in  kilometers  per  hour. 
v  =  speed  in  ft.  per  second. 
c'  =  speed  in  meters   per  second. 
T  =  weight  of  train  in  tons  of  2,240. 
7"  =  weight  of  train  in  tonnes  of  2,200. 
t  =  weight  of  train  in  tons  of  2,000. 
E,  £,  e  =  weight  of  engine  in  similar  form. 
A  =  area  of  front  of  train  in  square  feet. 
A  =  area  of  front  of  train  in  square  meters, 
a  =  area  of  face  of  a  vehicle  in  square  meters, 
a  ^^  area  of  face  of  a  vehicle  in  square  feet. 
S  —  "resisting  surface"  in  square  feet. 
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n  =  number  of  cars  in  train. 

L  =  length  of  train  in  feet. 

B  =  bulk  of  train  in  cubic  feet. 

W  =  average  weight  of  car,  loaded. 

1.  Pambour   "Locomotive    Engineering,"    1840,   pp.    130   and    163. 

0.002687  AV 

R  =  7-^ 

T 

2.  Pambour     "Locomotive  Engineering,"   1840,  pp.   130  and   163. 

0.002687  SY' 

R  =  6H 

T 

3.  Russell    (Often  called  Harding),  Inst.  C.  E.,  1846,  V,  p.  405. 

V  0.0025  AV 

R  =  6  +  -  + 

3  T 

4.  Sewell     (Sometimes  called  Gooch  and  Sewcll)   Tredgulds  "Locomo- 

tive Engineering,"  1850,  p.  53. 

V  0.00C02  BV^ 
R  =  6  +  -  + 

IS  T 

5.  Clark     "Railway  Machinery,"   1855,  p.  297. 

240 

6.  Rankine   (Sometim.es  called  Gooch)   "Civil  Engineering,"  p.  633. 


nts 

(an   \ 


R=:6l    I   4 

7.     Redtenbacher  "Ann.  des  Ponts  et  Ch.,"  1880,  p.  560. 


0.0/' 04 

R  =  3.1 1  -^  0.0/^7  V  -] (metric) 

T 

8.  Deeley  "The  Engineer,"  LXXXV,  p.  276. 

R  =  3  + 

290 

9.  Wolff     "Mechanical  Engineer,"   1899,  p.  256. 

V  -f  12        V= 

R  =  3 + 

V  +  3         300 

10.  V/est     "The   Engineer,"  LXXXVII,  p.   395. 

V        V* 

R  =  5 + 

15       246 

11.  Laboriette     "Rev.  Gen.  Ch.  de  Fer.,"  1883,  I,  p.  330. 

R  =  0.07  V   (metric) 


ECONOMICS    OF   RAILWAY    LOCATION.  169 

12.  Henderson     "Locomotive    Operation,"  p.    274. 

V  — 12        son 

r  =  3-5+ + 

4  t 

13.  (Not  Baldwin  Locomotive)  "In,st.  C.  E.,"  1901,  CXLVH,  p.  190. 

r  =  1.5  +  0.2  V 

14.  Kock  "Ann.  des  Fonts  et  Ch.,"  1880,  p.  561. 

R  =  I  +  0.04  V     (metric) 

15.  Engineering  News     "Engineering  News,"  1892,  p.  584. 

T  =  2  -{-  0.25  V. 

16.  Desdouits    "Inst.  C.  E.,"  CXLVII,  p.  272. 

R  =  3-355  +  0.0925  V. 

17.  Baldwin  Locomotive     "R.  R.  Gazette,"  1899,  p.  183. 

V  • 

I  6 

18.  Vuillemin,   Guebhard  and  Dieudonne,   "Dq  la   Resist,   des   Trains   et 

Puiss.  des  Mach.,"  1868,  p.  55. 
R  =  1.65  +  0.03  V  (metric) 

19.  Regray    "Boulvin"  Cours  de  Alech.  App.,  VI,  p.  55. 

R  =  1.83  +  0.0843  V     (metric) 

20.  Ricour  "Ann.  des  Fonts  et  Ch.,"  1885,  II,  p.  563. 

V 

R  =  2-\ (metric) 

40 

21.  (Not  Barnes)   "St.  Ry.  Journal,"  1899,  P-  I43- 

r  =  4  +  0.16  V 

22.  Daniel     "Eng.  Year  Book,  Univ.  of  Minn.,"  1900,  p.  45. 

r  =  5-25  +  0.072  V 

23.  Clayton     "Inst.  C.  E.,"  1901,  CXLVII,  p.  190. 

R  =  6.5  + 0.16  V 

24.  Holbrook     (no   reference). 

r  =  6  +  o.i4V 

25.  Dodd     "St.  Ry.  Journal,"  1898,  p.  546. 

r  =  7  +  0.2  V  . 

26.  W.    N.    Smith     "St.    Ry.   Journal,"    1904,   p.    994. 

0.0025  AV^ 

r  =  3  +  o.i67VH 

t 

27.  Ruehlmann  "Ann.  des  Fonts  et  Ch.,"  1880,  p.  5C0. 

0.009  AV^ 

R  =  i.8-\-  0.1  V  -\ (metric) 

T 

28.  Vuillemin,  Guebhard  and  Dieudonne     "De  la  Resist,  des  Tr.  et  Puiss. 

des  Mach.,"  1868,  p.  56. 

0.009  AV^ 
R  =  1.8  +0.08  V  -\ 20-31    miles    per    hour. 
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0.006  A  V 

R^  1.8  +  0.08  V  H 31-40  miles. 

T 

0.004  AV^ 

R  =  1.8  +  0.14  V  -\ 43   miles   up    (metric). 

T 
29.     Leahy  "Electr.  Rev.,"  London,  vol.  43,  p.   103. 


I'A 


(  V^o.oos-  +  6  j 


30.  Barbier    "Rev.  Gen.  Ch.  de  Per.,"  1897,  p.  272. 

V  +  io 

R  =  1.6  -{-  0.456  V bogie  trucks. 

1000         (metric) 
F  +  50 

R=^  1.6 -\- 0.46  V rigid    axles. 

1000 

31.  Von  Borries  "Engineering,"  1904,  LXXVIII,  p.  56. 

R  =  1.5  +  0.012  V  +  0.0003  V    (metric) . 

32.  Lundie     "St.  Ry.  Journal,"  1899,  p.  96. 


(   02  +  — ^   ) 

V  35  +  t  / 


:4  +  V| 

35  + 

33.  Lundie  "St.  Ry.  Journal,"  1902,  XIX,  p.  557. 

4.8  V^ 

r  =  4-f  0.24VH 

t 

34.  Blood  "St.  Ry.  Journal,"  1899,  p.  145. 

0.30  v^-' 

r  =  4  +  0.15  V  H 

t 

35.  Sprague  "R.  R.   Gazette,"   Nov.,  1904,  p.  520. 

V       V 

r  =  4H h  — 

6        3t 

36.  Davis     "Am.  Soc.  Mech.  Engr.,"  XXIV,  p.  948. 

V^. 
r  =  6  +  o.i3  V  +  0.35  — I 


y/         n— I \ 

-(   1+ ) 

t   V  10      / 


37.    Davis    "St.  Ry.  Journal,"  1904,  XXIV,  p.  1003. 

0.3  V  /  n  —  I  \  30    miles    per   hour,    8   to 

r  =  6  +  o.iiVH (iH I      20     tons.       Open     plat- 

t      V  10     y      form  Street  Cars. 

0.3  V'/  n  — i\6o     miles     per     hour,     25 

r=:5-[-o.i3  V-] I    iH ■)      to    40    tons.      Standard 

t       V  10    J      Interurban     Cars. 

,,0    ^  V    7=1     miles     per     hour,     40 

0.33  V-/  "-i\      to      50      tons.       Heavy 

r  _  4  -j-  0.13  V  H I   I  H ■   I      Interurban      or      Steam 

t       ^  10     ^^      pass. 

o-j^jy  ^v^'i      miles     per     hour. 

r  =  3.5  +  0.13  V  +  —- I   1+ I      ^j     Heavy      freight 

*  ^  10        •  ffolr^c 


trams. 
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38.  Petroff     "St.  Ry.  Journal,"   1899,  p.  295. 

0.611  0.03  {i-\-o.oo4n)  V^ 

R  =  l.2-\ V -\ (metric) 

T  T 

39.  Dii  Bousquet     "Mem.  de  Soc.  Ing.  Civ.,"   1894,  I,  p.   14,  ami  "R.   R. 

Gaz.,"  1895,  p.  153. 

r  =  2  + 

200 

40.  Crawford     "Eng.  News,"  1901,  p.  327. 

V 

r  =  2.5  + 

468 

41.  Barbier     "Rev.  Gen.  Ch.  de  Per.,"  1897,  I,  p.  272. 

R  =  1.45  +  0.0008  V     (metric) 

42.  Wolff    "Inst.  C.  E.,"  1901,  CXLVII,  p.  191. 

R  =  3  + 

250 

43.  Desdouits     "Inst.  C.  E.,"  1901,  CXLVII,  p.  272. 

R  =  3-355  + 0.00405  V 

44.  Henderson     "Engr.'s  Club  Phi!.,"   1888,  p.   50. 

V 

r  =  3  + 

217 

45.  Gerry     "Am.   Inst.   Electr.    Eng.,"   XIV,   p.   359. 

V 

r  =  4  + 

200 

46.  Forney     "Inst.  C.  E.,"  1901,  CXLVII,  p.   190. 

r  =  4  +  0.00585  V 

47.  Wellington  "Am.  Soc.  C.  E.,"  1879,  Mil,  p.  52. 

V 
r  =  4-| 20  loaded  box  cars. 

130 

V 
v=6-\ 40  empty  box  cars. 

106 

48.  Grove  "Ann.  des  Ponts  ct  Ch.."   1880,  p.  559. 

R  =  2.25  -\ favorable   conditions    (metric). 

80 

R  =  4-\ unfavorable  conditions. 

50 

49.  Adams  and  Pettigrew     "Boulvin,"  Cours  de  Mech.  Appl.,  VI,  p.  56. 

R  =  2.678  +  0.00086  V     (metric) 

50.  Clayton     "Inst.    C.   E.,"    1901,   CXLVII,   p.    190. 

R  =  6.5  +  0.005  V    grease  lubrication. 

51.  Welkner    "St.  Ry.  Journal,"  1859,  p.  143. 

R  =  3.125 -\- o.ooo^p  V^  (metric) 
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52.     Horton     "Am.  Machinist,"  Sept.  27,  1894,  p.  3. 


V  280      823900  / 


r' =  I 1; I  r' =  resistance  in  lbs.  per  lb. 

280     "  823900 

53.  Fink  "Ann.  des  Fonts  et  Ch.,"  1880,  p.  563. 

R  =  2.§ -\~  o.oi  V    favorable  conditions   (metric) 

54.  Pettigrew     "Inst.  C.  E.,"   1901,  CXLVII,  p.  191. 

R  =  9  +  0.007  V' 

55.  Chanute     Wellington,  "Ec.  Theory  Ry.  Location,'"  p.  525. 

0.27  V 

r  =  5  +  0.0072  V  -| 

f 

56.  Wellington    "Ec.  Theory  Ry.  Location,"  p.  525. 

0.57  v 

r  =  3.9  +  0.0065  V'  H loaded  flats. 

t 

0.64  V^ 

r  =  3.9  + 0.0075  V +  ^ —     loaded  box. 

t 
0.57  V' 

r  =  6.0  +  0.0083  V'  -| empty  flats. 

t 
0.64  V' 

r  =  6.0  +  0.0106  V^ -| empty  box. 

t 

57.  Searles     "Field  Engineering,"  p.  27. 


(0.0006  E""  \ 
0.006  + 1 
E+T    / 


V 


58.  Aspinall     "Inst.    C.    E.,"    1901,    CXLVII,    p.  165. 

Vi 

R  =  2.5  + 

50.8  +  0.0278  L 

59.  R.  H.  Smith     "Inst.  C.  E.,"  1901,  CXLVII,  p.  232. 

/  2CO     \    ve 

R  =  2.5  +  |  2 -f  0.0035  L—   I  

V  loo  +  T/     T 

60.  Shurtleff   (by  letter) 

90 

r=i+ 

W 

61.  New  York  Central.     Railroad  Gazette,  Nov.,  igo6,  p.  451. 

V 

r=i.8  +  — 

9 

In  order  to  compare  one  formula  with  another,  all  formulas  are  re- 
duced to  resistances  in  lbs.  per  ton  of  2000  lbs.,  and  to  a  systematic  scheme 
where  decimal  coefficients  are  used  rather  than  common  fractions.  The 
results  are  sometimes  in  less  convenient  form  for  computation  than  are 
the  original  formulas,  but  comparison  of  formulas  is  facilitated. 


Pambour 


2.     Pambour 


3.     Russell 


4.     Sewell 
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0.00269  AV* 
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r  =  6.2 


t 


r  =  S4 


0.00269  sv 


r  =  5-4  + 0.30  V  + 


0.0025  AV* 


r  =  5-4  +  0.06  V + 


0.00002  BV 


5- 

Clark 

r  =  5-4  +  0.00372  V 

6. 

Rankine 

r  =  2.7  +  0.27  V 

7- 
8. 

Rcdtenbacher 

r  =  6.2  +  0.07  V  +  0.00287  (  A  + 
r  =  2.7  +  0.00308  V 

an\     V* 

Deeley 

J    . 

9- 

Wolff 

24 

r  =  2.7  H Y  0.003  V 

V  +  3 

10. 

West 

=  4-5  —  0.06  V  +  0.00363  V 

II. 

Laboriette 

r  =  0  +  0.23  V 

12. 

Henderson 

son 

r  =  0.5  +  0.25  V  H 

t 
r  =  1.50  +  0.20  V 

13- 

14- 

Kock 

r  =  2.o  +  0.13  V 

15- 

Engineering  News 

r  =  2.0  +  0.25  V 

16. 

Desdouits 

r  =  3.0  +  0.08  V 

17- 

Baldwin  Locomotive 

r  =  3.0  + 0.17  V 

18. 

Vuillemin,  etc. 

r  =  3.3  +  0.16V 

19. 

Regray 

r  =  3-7  +  0.27  V 

20. 

Ricour 

r  ==  4.0  +  0.08  V 

21. 

r  =  4.0 +  0.16  V 

22. 

Daniel 

r  =  5.2  +  0.07  V 

23- 

Clayton 

r  =  5.8  + 0.14  V 

24- 

Holbrook 

r  =  6.o  +  0.14  V 

25- 

Dodd 

r  =  7.0  +  0.20  V 

26. 

W.  N.  Smith 

0.0025  AV 

•■  —  TO    1    n  T"  ''■^    1 

J.U  -f-  u.  1/    v'   -)- 

t 

0.0048  AV 

r  =  3-6  +  0.32  V  H 

t 
0.0048  Ksr 

r  =  3.6  +  0.26  V  -\ 20 

t 
0.0032  AV 
=  3.6  + 0.26  VH 31 

27. 

Ruehlmann 

28. 

Vuillemin,  etc. 

to  31  miles. 

to  40  miles. 
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0.002I  AV' 


29.  Leahy 

30.  Barbier 

31.  Von  Borries 

32.  Lundie 

23.  Lundie 

34.  Blood 

35.  Sprague 


:  3.6  +  0.45  V  + 


43  miles   up. 


r  =  7.5  +  0.00  V 


0.00625  AV 


r  =  3.2  +  o.oi  V  -|-  0.00236  V^ 
r  =  3.2  +  0.07  V  +  0.00238  V- 
r  =  3.0  +  0.04  V  +  0.0016  V 

14  V 
r  =  4.0 +  0.2   VH 


r  =  4.0  + 0.24  V  + 


35  + t 
4.8  V 


r  =  4.0  + 0.15  V  + 


0.30  V-' 


r  =  4.o  +  0.17  V  + 


0.333  v 


36. 

Davis 

r  =  6.o  +  o.i3  V+  (0.315 +  0.035  n)  — 

t 

37- 

Davis 

r  =  6.0  +  o.ii  V  +  (0.27  +  0.03  n) 

t 
30  miles  Street  Cars. 

V^ 
r  =  5.0  + 0.13  V+  (0.27  + 0.03  n)  — 

t 
60  miles  Interurban. 

v» 

r  =  4.0  +  0.13  V  +  (0.30  +  0.33  n)  — 

t 
75  miles  Heavy  Interurban. 

r  ==  3-5  +  0.13  V  +  (0.347  +  0.0385  n)  — 

t 

35    miles    freight. 

2.i2nV                                         V- 

Petrofif 

f  —  "  1    1                       -4-  (n  T"?    In  noo68  in  )  — 

38. 

t                                                        t 

39- 

Du  Bousquet 

r  ^  2.0  +  0.005  V" 

40. 

Crawford 

r  =  2.5  +  0.C0214  V- 

41- 

Barbier 

r  =  2.9  +  0.00414  V- 

42. 

Wolff 

r  =  2.7  +  0.00357  V' 

43- 

Desdouits 

r  =  3.0  +  0.00362  V 

44- 

Henderson 

r  =  3-0  +  0.00461  V 

45. 

Gerry 

r = 4.0  +  0.005  y                          '. 

46. 

Forney 

r  =  4.0  +  0.0058s  V 
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47.     Wellington 
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48.  Grove 

49.  Adams  and  Pettigrew 

50.  Clayton 

51.  Welkner 

52.  Horton 

53.  Fink 

[4.  Pettigrew 

55.  Channte 

56.  Wellington 


57.  Searles 

58.  Aspinall 

59-  R-  H.  Smith 

60.  Shurtleff 

61.  New  York  Central 


r  =  4.0  +  0.00769  V^    20  loaded  box  cars. 

r  =  6.0  +  0.00943  V'    40  empty  box  cars. 

r  =  4.5  +  0.005  V'     favorable  conditions. 

r  =  8.0  +  0.008  V^     unfavorable   conditions. 

r  =  5.4 +,0.00445  V= 

r  =  5.8  +  0.00446  V^     grease   lubrication. 

r  =  6.2  +  0.004  V 

r  =  7.1 -f  0.00522  V 

r  =  7.5  +  0.008  V"     unfavorable  conditions. 

r  =  5.0  +  0.0052  V"     favorable  conditions. 

r  =  8.0  +  0.0062  V" 

0.27  V 

r  =  5.0  +  0.0072  V*  H 

t 

0.64  V 

r  =  6.0  +  0.0106  V"  + empty  box. 

t 

0.64  V" 

r  ^  3.9  +  0.0075  V"  -\ loaded  box. 

t 
0.57  V' 

r  =  3.9  +  0.0065  V  H loaded  flats. 

t 
0.57  V' 

r  =  6.0  -f  0.0083  V'  H empty  flats. 

t 
0.00048  e' 

r  =  4.8  +  0.00536  V^  H V' 

e  +  t 


56.9 +  0.03 1 1  L 
2.2 -ft  2.0 +  0.0035  L- 
90 


224      xvs 

112  + 1  y  t 


r  =:  I  +  0.0  V  + 
rz=i.8  +  o.ii  V 


W 


A  better  idea  of  the  basis  of  the  various  experiments  may  be  obtained 
from  the  following  table,  which  largely  explains  itself. 

When  the  resistances  include  the  train  only,  the  symbol  T  is  used, 
for  train  and  engine  T  +  E;  where  the  resistance  of  train  only  includes 
atmospheric  head   resistance  T  +  H  is  used. 

For  the  kind  of  train  P  =  passenger,  F=  freight,  E  =  electric,  El.  = 
elevated. 

It  will  be  noted  that  for  some  formulas  no  experiments  were  made 
as  a  basis.     With  many  other  formulas,  information  is  lacking. 
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CONDENSED  TABLE  OF  TRAIN  RESISTANCE  FORMULAS  AND  EXPERIMENTS. 


Formula 

5 

Method 

Range 

of 
Speed 

JRange 

of 
Load 
Tons. 

Train 
Tr.  & 

Eng.or 
Tr.  & 

Hd.R. 

Freight 

or 
Pass. 

No.  of 
Exper. 

Experi- 
menter 

o 

55 

Name 

1 
2 

1834 
1836 

1838 
1845 
1847 

1899 

1882 
1904 

Drop 

Drop 
Dyn. 

Ind. 
Dyn. 

Low 

14-61 
13-61 

36-72 
16-34 

4-110 
23-110 

9-64 
50-;140 

110^150 
400-600 

T  +  H 

T-t-H 
T 

T  +  E 
T 

F 

P 
P 

P 
F 

15 

31 

44 

20 

Pambour 

3 

Russell  

Sewell 

Lardner 

and  others 

Gooch 

g 

Clark 

0 

" 

7 

s 

Redtenbacher   

Deeley 

9 

Wolff 

10 

West 

" 

11 

Laboriette 

12 
13 
14 

15 

16 
17 

18 

10 

Kock        

1880 
1892 

T 

T  +  E 
T 

Engineering  News.  . .  . 

Ind.  & 
Dyn. 

61-79  & 
(43-86) 

270 
(250-350) 

P 

8 
28 

Sinclair 
and  others 

Baldwin  Locomotive.  . 
Vuillemin,  etc   

1896 
1862 
1867 

Ind. 
Dyn. 

35-80 
6-25 

340-580 
152-571 

T+E 
T 

P 
F 

5000 
189 

Baldwin  Co. 
Vuille.,  etc. 

20 
21 

99 

1883 
1900 

T 
T 

Dyn. 

2-26 

1139 

F 

19 

Daniel 

OQ 

21 

1890 
1899 
1904 
1880 
1862 
1867 

F 
P 

■  ■  2'ci  ■  ' 

Hoi  brook 

?^ 

Dodd 

Elect. 

25-50 

20-95 

T  +  H 

Dodd 

26 

W  N  Smith 

27 

28 
20 

T 
T 

Vuillemin,  etc 

Dyn. 

15-70 

48-116 

P 

150 

Vuille,  etc. 

?0 

1897 
1904 
1898 
1902 
1899 
1904 
1903 
1904 

Dyn. 
Drop 

37-75 
-125 
4-26 

175-210 

T 

T 

T  +  H 

P 
P 

Elev. 

Barbier 

31 

^9 

21-82 

150runs 

Lundie 

?S 

34 
35 

36 

Blood 

37 

38 

Petroff 

39 

1895 

1900 

1S97 
1898 

Dyn. 
Dyn. 
Dyn. 

37-75 
20-80 
16-34 

175-210 
160-188 
400-600 

T 
T 
T 

P 
P 
P 

40 

330 

Wickhorst 
&  Crawford 
Laboriette 

41 

Rarbier 

4'> 

Wolff      

'13 

0-50 

11 

1888 

1892 
1878 
1880 

15 

16 

47 

Drop 

0-26 

7-105 

T  +  H 

F&P 

73  runs 

Wellington 

18 

10 

50 

51 

5'' 

1894 
1880 

53 

Fink    

51 

55 

56 

1887 
1880 
1899 
1900 

1906 
1906 

Drop 

0-26 

7-105 

T  +  H 

T  +  E 

T 

F&P 

73  runs 

Wellington 

57 

58 

Dyn. 

Dyn. 
Elect. 

3-79 
0-35 

115-620 

P 

F 
P 

250 

Aspinall 

69 
60 

R.  H.  Smith 

Shurtleff     

Shurtlefif 

61 

N.  Y.  Central 

N.Y.  Centra 
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Pambour's  formula  seems  to  have  long  since  passed  out  of  general 
consideration.  The  attention  of  railroad  engineers  seems  to  have  been 
first  called  prominently  to  formulas  for  train  resistance  by  a  paper  by 
Harding  before  the  Institution  of  Civil  Engineers  in  London,  which  is 
recorded  in  Volume  V,  1846,  p.  ^4.  A  short  time  later  than  this, 
Gooch  presented  a  paper  before  the  same  institution  which  is  found  in 
Volume  VII,  1848,  p.  292.  His  paper  was  not  published  in  full,  but 
only  by  abstract.  The  experiments  which  were  the  basis  of  his  paper 
showed  results  differing  quite  largely  from  the  experiments  dealt  with  in 
Harding's  paper,  and  a  very  bitter  controversy  was  carried  on  between 
the  adherents  of  Harding  and  Scott  Russell,  whose  formula  Harding  pre- 
sented, on  the  one  hand,  and  the  adherents  of  Gooch  on  the  other.  The 
experiments  noted  in  Harding's  paper  and  sometimes  referred  to  as 
Harding's,  showed  quite  high  resistances.  The  experiments  made  by 
Gooch  showed  very  low  resistances.  The  experiments  made  by  Gooch 
formed  the  basis  for  three,  and  perhaps  four,  different  formulas,  that  of 

V       0.00002  BV                                                        V= 
Sewell,  R  =  6  +  — H (4),  that  of  Clark,  R  =  6H (5)- 

15  T  240 

/  V-io\  

and   that    of    Rankine,    R  =  6    I    i  + I    (6),  and  it  has  been 


claimed    also    that    the    German    engineer,    Redtenbacher,    based    his    for- 
mula   upon    the    same    experiments. 

(an  '\     v' 
/}  -\ 1 

V= 

r  =  6.22  +  0.069  V  +  0.OC287    (A +  0.25  an)    . 

t 

'  There  will  be  some  advantage  in  considering  formulas  (4),  (5)  and 
(6),  together,  and  Fig.  5  shows  Gooch's  experiments,  together  with 
lines  marking  the   formulas  of  Sewell,  Clark,   and  Rankine. 

It  is  somewhat  interesting  to  note  that  these  three  early  formulas 
applying  to  the  same  set  of  experiments,  illustrate  the  three  most  im- 
portant types  of  formulas  in  use,  viz  : 

r  =  a-\-bV 

r  =  a  -}-  &  V 

atmospheric  resist. 

r  =  a  +  & VH 

t 

It  appears  to  be  the  case  that  Clark's  formula  fits  these  experiments 
somewhat  better  than  either  of  the  others. 

Russell's  formula  gives,  for  his  trains,  resistances  of  40  lbs.  at  60 
miles  per  hour,  Clark's  or  Rankine's  give  only  21   lbs.     It  is   interesting 
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Goock's  Experiments,  I847 


Milea    per  hour 


olOOTor\  Traiix. 

A  80    ■ 

D  50    " 

+  Trairvs  of  Various  Wci^Kts 


10 


20 


30  40 

Fig.   s. 


50 


60 


to  note,  however,  that  the  high  resistances  of  Russell  are  due  largely  to 
his  trains  being  very  light;  that  for  values  of  T  =  ioo;  A  =  70;  V  =  60 

V       0.0025  AV 

or   for   Gooch's   trains,    Russell's    formula   gives    R^6-| \ ■ 

3  T 

=  6  +  20  +  6.3  ^  32.3  lbs.  instead  of  the  40  lbs.  per  ton  for  the  lighter  trains. 

V* 

Clark's  formula  gives  R  ^  6 -| =  21   lbs.,  and  Rankine's  also  R  =  6 

240 
V 
I -| |^^2i    lbs.      While   the    discrepancy   between   32   lbs.   and 


("^)= 


21  lbs.  is  material,  it  can  be  accounted  for  in  considerable  part.  Russell's 
trains,  as  stated,  were  light  and  gave  high  resistances.  The  effect  of 
this  is  largely  taken  care  of  by  the  formulas,  however.  Then  the  drop 
test  used  in  the  Russell-Harding  experiments  gave  high  resistances  from 
the  crowding  of  the  cars.  On  the  other  hand,  Gooch's  trains  ran  on  a 
track  carried  on  longitudinal  wooden  supports,  and  the  wave  motion 
under    the    wheels    must    have    been    largely    done    away    with.      Gooch's 
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wheels  were  4  ft.  in  diameter  as  compared  with  3  ft.  for  the  other  trains, 
and  this  decreased  the  effect  of  both  rolHng  and  journal  resistances. 
Gooch's  experiments,  using  the  dynamometer,  did  not  include  head  re- 
sistance. Russell's  did  include  this.  Gooch  appears  to  have  been  a  care- 
ful and  thorough  experimenter  and  doubtless  was  a  careful  and  thorough 
railroad  operator,  and  probably  his  rolling  stock  and  track  were  in 
as  good  condition  as  Russell's  and  perhaps  better.  The  various  points 
noted  are  perhaps  suflficient  to  account  for  the  differences.  In  addition 
to  this  Russell's  formula  gave  values  slightly  higher  than  the  experiments. 

A  few  extracts  from  the  early  writings  of  Sewell,  Harding  and 
Gooch  will  serve  to  show  what  knowledge  of  train  resistance  existed 
previous  to  1850,  and  will  add,  in  many  particulars,  to  a  present  under- 
standing of  the  subject. 

Sewell,  in  '"Tredgold  on  Locomotive  Engines,"   1850,  p.  51,  says: 

"Messrs.  W.  Harding  and  D.  Gooch  have  both  adopted  Pambour's 
theory  of  frontage  as  the  measure  of  atmospheric  resistance.  Regarding, 
however,  the  experiments  made  by  Dr.  Lardner  for  the  British  Associa- 
tion as  more  satisfactory  than  those  made  by  Pambour,  and  the  con- 
clusions of  Dr.  Lardner  as  supported  by  his  experiments,  they  have  been 
adopted  in  investigating  I\Ir.  D.   Gooch's  experiments. 

"After  making  a  number  of  experiments  with  various  sized  and 
shaped  vehicles.  Dr.  Lardner's  conclusions  on  atmospheric  resistance 
were — 

"That  the  shape  of  the  front  or  hind  part  of  the  train  has  no 
observable  effect  on  the  resistance. 

"That  the  spaces  between  the  carriages  of  the  train  have  no  ob- 
servable effect  on  the  resistance. 

"That  the  train,  with  the  same  width  of  frontage,  suffers  increased 
resistance  with  the  increased  bulk  or  volume  of  the  coaches. 

"By  combining  the  bulk  and  velocity  together  in  estimating  the  re- 
sistance of  the  atmosphere,  results  are  obtained  which  vary  with  every 
varying  load  and  speed,  thereby  fairly  representing  the  displacement  of 
air  by  railway  trains  of  all  dimensions. 

"Independent,  however,  of  Dr.  Lardner's  conclusions,  it  is  reason- 
able to  assume  that  a  train  of  the  bulk  of  18,000  cubic  feet  would 
experience  greater  atmospheric  resistance  than  a  train  of  only  one- 
tenth  of  that  bulk.  This,  however,  is  not  recognized  in  the  frontage 
theory,  which,  to  make  up  for  its  apparent  deficiency,  even  in  the 
Count  de  Pambour's  experiments,  included  wheels,  the  eddying  be- 
tween the  carriages,  and  (if  it  were  fully  carried  out)  should  also 
have  included  the  resistance  from  every  open  carriage  window  in  a 
train.  By  taking  the  bulk  for  the  measure  of  atmospheric  resistance,  it 
embraces  all  these  in  a  much  more  satisfactory  manner  than  can  be 
done  separately,  and '  for  these  reasons  it  has  been  adopted  at  this 
time  in  investigating  the  broad-gauge  experiments. 
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"The  atmospheric  resistance  is,  therefore,  taken  to  increase  in  the 
ratio  of  the  square  of  the  velocity  in  miles  per  hour  X  by  the  bulk 
of  the  train  in  cubic  feet,  and  by  0.00002  as  a  coefficient,  per  ton  of  train. 

"The  friction  resistance  is  taken  at  6  lbs.  per  ton. 

"The  oscillatory  resistance  is  taken  as  increasing  in  the  ratio  of 
i*s    the  velocity   X    by   the  weight  of   the  train   only. 

"For  what  reason  experimenters  separate  these  two  last  resistances 
does  not  clearly  appear.  They  are  evidently  the  same  resistance,  in- 
creasing in  the  ratio  of  the  velocity  only.  Oscillatory  resistance  is 
mainly  the  increased  friction  of  the  axle  bearing  against  the  collar  of 
the  axle,  consequent  upon  the  transverse  vibrations  at  high  velocities. 
It  is  practically  and  forcibly  exhibited  in  the  wearing  away  of  the 
ends  of  the  axle  bearings,  which,  in  many  instances,  wear  more 
rapidly  than  the  top  part  where  the  weight  rests.  The  bearing  has  then 
to  be  lengthened,  or  thrown  aside  as  old  metal. 

"Such  practical  evidence  is  the  strongest  proof  that  the  axle  fric- 
tion is  not  constant  at  all  velocities,  but  increases  with  the  increasing 
velocity,    and   should   be   estimated    generally. 

"The  formula,  therefore,  by  which  the  estimated  resistances  are 
calculated,  is  submitted  as  an  empirical  one  only,  and  embraces— 

"(i)  The  engine  and  tender  resistance,  increasing  in  the  ratio  of 
the  velocity  for  their  own  resistance,  and  in  the  ratio  of  the  square 
of  the  velocity,  regulated  by  the  load,  for  atmospheric  and  load 
resistance. 

"(2)  The  atmospheric  resistance  of  the  train,  increasing  as  the 
square  of  the  velocity,  regulated  by  the  bulk  of  the  train. 

"(3)  The  oscillatory  resistance,  increasing  in  the  ratio  of  the  ve- 
locity   (estimated    at   one-fifteenth),    regulated   by   the   load. 

"(4)  The  friction  resistance  (for  the  reasons  given,  estimated 
at  6  lbs.  per  ton),   regulated  by  the  load. 

"It   is,   therefore,   simple   in   its   elements." 

Harding  takes  up,  in  the  "Proceedings  of  Institution  of  Civil 
Engineers,"    1846,  V.,  p.  404,  the 

"investigation  of  a  formula  representing  the  resistance  of  trains. 

"There  are  two  great  and  undoubted  causes  of  resistances  to  rail- 
way trains  traveling  on  a  level  at  various  velocities ;  these  are : 

"First, .  the  friction  of  the  wheels  and  axles,  which  is  held  to  re- 
main constant,   or  nearly   so,   at  all  velocities. 

"Secondly,  the  resistance  of  the  air  to  the  frontage  of  the  train, 
which  is  held  to  vary  as  the  square  of  the  velocity. 

"But  if  it  is  attempted  to  proceed,  on  these  two  data  only,  to 
find  an  empirical  formula,  which  shall  express  the  resistances  of  trains 
of  different  frontages,  and  composed  of  different  numbers  of  carriages, 
at  various  velocities,  it  will  be  found,  it  is  believed,  an  impracticable 
task. 
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"When  the  facts  of  the  foregoing  experiments  were  arranged,  and 
the  attempt  was  being  made  to  find  a  formula  which  should  adapt 
itself  to  the  various  circumstances  of  the  experiments,  Mr.  Scott 
Russell,  whose  researches  into  the  resistances  of  fluids  are  so  well 
known,    kindly    furnished   the    following    formula : 

V      0.0025  AV^ 

R=6+— + 

3  T 

"The  writer  has  made  use  of  it  simply  as  an  empirical  formula,  in 
order  to  see  how  it  agrees  with  the  facts  furnished  by  experiments 
made,  as  has  been  explained,  by  different  persons  at  different  times. 

"The  formula  is  very  simple,  and  is  based  on  the  doctrine  of  the 
causes  of  resistance  to  the  advance  of  railway  trains  being  divisible 
into    three   classes. 

"The  first  class  of  resistances  is  what  is  understood  by  friction,  and 
is   constant   at   all  velocities. 

"The  second  class  is  what  is  understood  by  frontage  resistance  and 
increases  as  the  square  of  the  velocity,  in  miles  per  hour,  the  resistance  at 
one  mile  per  hour  being  ^00    lb.   per   sq.   ft.   of   frontage. 

"The  third  class  of  resistances  may  be  termed,  for  want  of  a 
better  word,  resistances  from  concussions ;  the  existence  of  such  a 
class  of  resistance  is  indicated  by  the  concussions  and  vibrations  clearly 
perceived  in  a  train  in  rapid  motion.  This  class  of  resistances  is  held 
to  vary  in  the  simple  ratio  of  the  velocity.  The  resistances  from  con- 
cussions   in    pounds    per    ton    of    the    load,    at    10    miles    per    hour    and 

V 
above  =  — .     The  formula,  giving  the  resistance  in  lbs.  per  ton    (of  the 

3 
weight  of  the  train)   is  as  already  shown." 

It  appears  from  this  paper  that  6  lbs.  was  adopted  by  Russell 
and  Harding,  as  it  had  been  by  Pambour,  and  was  also  by  Clark  and 
by   Sewell,   as   the   ordinary  frictional   resistance   constant   at   all   speeds. 

The    atmospheric    resistance    was    determined    from    theoretical    con- 
siderations   and,    as    Sewell    says,    "Harding    adopted    Pambour's    theory 
of   frontage  as   the   measure  of  atmospheric   resistance."     This   is   taken 
0.0025AV' 

as   .      Finally   it   was    found   that   these   two   fell    far   short   of 

T  V 

reaching    the    experimental    results,    and    —    was    added    to    make    the 
deficiency  good.  3 

With   a    frontage  of   70  sq.    ft.    and   a   speed   of  60  miles   per   hour 

the    atmospheric    element    of    the    formula    amounts    to    630    lbs. ;    for    a 

train  of   100  tons    (such   as   Gooch's)    this   element   of   resistance   would 

V 
=  6.3  lbs.,  while  the  concussion   element  —  =  20  lbs.,  is  much  larger. 

3 
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For  modern  trains  of  600  tons  or  over,  the  atmospheric  resistance 
would  barely  exceed  i  lb.  per  ton  even  at  60  miles  per  hour  and  be 
negligible.  For  heavier  trains  at  small  speeds  it  would  be  hardly  ap- 
preciable. Without  this  term  the  "Russell"  formula  gives  just  double  the 
"Baldwin  Locomotive"  values,  except  for  the  difference  in  the  tons  of 
2,^40  and  2,000  lbs. ;  not  an  unreasonable  difference,  perhaps,  in  view  of 
the  interval  between  the  periods   at   which  the   experiments   were  made. 

Clark,  in  his  "Railway  Machinery"  (1855),  p.  291,  gives  the  fol- 
lowing 

"historic  sketch. 

"The  doctrine  of  engine  and  train  resistance  has  not  yet  (1854) 
been  placed  on  a  satisfactory  basis ;  and  much  experiment  is  wanting 
for  the  obtainment  of  sufficient  data,  and  the  development  of  correct 
principles.  The  circumstances  affecting  the  resistance  of  railway  trains 
in  motion  are  so  various  and  so  involved,  that  nothing  short  of  a 
Government  Commission,  or  a  combination  among  railway  authorities 
on  a  large  scale,  would  suffice  for  the  discussion  of  the  subject  on  the 
scale  demanded  by  its  importance.  Be  it  our  duty  to  do  what  we  can 
for  the  promotion  of  the  inquiry,  and  to  submit  the  results  of  our 
own   experience   and  investigation. 

"Many  experiments  on  the  resistance  of  trains  have  since  been 
made  with  various  loads  and  speeds.  But  they  are,  most  of  them  at 
least,  open  to  the  objection  of  not  being  applicable  under  the  actual 
conditions  of  trains  drawn  by  engines  and  tenders.  Such  are  all  those 
that  have  been  made  by  the  force  of  gravity  on  inclined  planes. 

"Mr.  Wyndham  Harding  read  a  paper  on  the  'Resistances  to  Rail- 
way Trains  at  Different  Velocities,'  in  1846,  before  the  Institution  of 
Civil  Engineers. 

"The  formula,  quoted  by  Harding,  it  will  be  seen,  gives  generally 
approximate  values  for  the  resistance.  Still,  in  some  cases,  it  is  widely 
amiss.  It  is  not,  we  conceive,  comprehensive  enough,  nor  is  it  founded 
on  correct  principles ;  because,  first,  the  frontage  only  is  taken 
as  the  measure  of  wind  resistance,  whereas,  even  in  calm  weather,  the 
sides,  top  and  bottom  of  the  carriages  must  offer  resistance  to  the 
atmosphere.  A  formula  specifically  recognizing  the  atmospheric  re- 
sistance should  include,  as  an  element,  the  length  of  the  train,  as  well 
as  its  height  and  width.  Secondly,  all  the  variable  resistances  must 
vary  as  the  square  of  the  speed,  in  compliance  with  the  universal  laws 
of  impulse  and  vibration,  and  it  is  therefore  incorrect  to  introduce  any 
element  of   variable   resistance,   regulated   by  the  velocitj-   simply. 

"It  seems  utterly  useless  to  attempt  any  more  minute  analysis  of 
the  resistances  of  trains,  from  the  data  before  us ;  as  any  such  analysis, 
to  be  useful,  must  be  founded  on  a  much  greater  variety  of  results 
than   have   been   supplied   in   the   experiments   under    consideration.      The 
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separate  resistances  from  wind,  oscillation,  imperfections  of  way,  wear 
of  wheels,  etc.,  are  no  doubt  worth  determining.  Meantime,  we  must 
be  content  with  finding  the  resistances  in  the  mass,  and  must  take 
trains  as  they  are. 

''Mr.  Daniel  Gooch  is  the  onl>*  experimentalist  whose  results  are 
worthy  of  implicit  confidence,  for  he  operated  with  the  trains  precisely 
under  the  conditions  of  ordinary  practice.  His  experiments  were  made 
in  1847,  on  the  Bristol  and  Exeter  Railway,  7  feet  gauge,  in  connection 
with  the  gauge  question  then  agitated,  and  were  published  in  1848. 
It  is  our  conviction  that  they  were  conducted  in  a  spirit  of  the 
strictest  impartiality ;  and  as  the  experimental  apparatus  was  elaborated 
with  the  utmost  care  and  consideration,  worthy  of  the  high  character 
of  Mr.  Gooch  as  an  experimentalist  and  observer,  we  shall  have  pleas- 
ure in  investigating  the  results  of  his  experiments,  as  we  hope  to 
deduce  some  principles  of  general  value,  and  to  construct  some  useful 
formulas." 

The  circumstances  of  Mr.  Gooch's  experiments  were : 

"First. — A  permanent  way  in  good  order  at  the  time  of  the  trials; 
smooth,   continuous,   and   unyielding. 

"Second. — An   engine,  tender,   and   train   in   good  order. 

"Third. — A   straight  line   of   rails. 

"Fourth. — Fair  weather,   and   dry  and   clean   rails. 

"Fifth. — An  average  side  wind,  of  average  strength,  varying  in  the 
experiments  from  slight  to  very  strong. 

"Any  deviation  from  these  conditions  affects  the  resistance.  An 
imperfect  road  has  been  estimated,  from  the  experiments  detailed,  to 
have  added  about  40  per  cent,  to  the  resistance  on  a  good  sound  road. 

"Therefore,  finally,  we  shall  adopt  the  .  .  formulas  already  worked 
out,  for  the  resistances  .  .  under  the  conditions  there  particularized,  of 
a  good,  sound  road,  a  straight  road,  an  average  side-wind,  and  engine 
and  train  in  good  order,  and  shall  add  50  per  cent.,  or  one-half  more, 
to  meet  the  extreme  conditions  of  frequent  sharp  curves,  and  strong 
side  and  head  winds ;  the  supposition  of  an  inferior  road  being  al- 
together   eliminated    from    the    question." 

So  that  Clark's  formula,  used  as  a  standard  to  refer  to  for  many 
years,  was  not  regarded  by  its  Author  as  adapted  for  use  under  less 
satisfactory  conditions  of  operating;  for  general  use  he  added  50  per 
cent,  to  the  result,  substantially  as  a  factor  of  safety. 

Gooch's  paper,  "Proceedings  Institution  of  Civil  Engineers,"  1848. 
was  printed  in  abstract  only,  and  this  VII,  p.  292,  sets  forth  that 

"These  observations  were  founded  on  a  series  of  experiments 
performed  on  the  Great  Western  Railway,  by  means  of  a  dynamometer 
constructed   at    Swindon,   in    which   all   the   required    results   were   regis- 
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tered,  upon  a  large  scale,  on  the  same  roll  of  paper,  thus  exhibiting 
at  one  view,  and  in  the  same  period  of  time,  the  tractive  power  ex- 
erted upon  the  train,  and  the  force  and  direction  of  the  wind.  The 
registration  of  the  results  was  made  upon  the  paper  at  every  sixteenth 
part  of  a  mile,  and  the  time  was  registered  in  correspondence  with 
the  distance  traversed,  during  every  fifth  part  of  a  second.  The 
dynamometer  spring  used  was  7  feet  6  inches  in  length,  and  was  very 
carefully  made.  It  was  only  necessary  to  count  the  number  of  seconds, 
or  fractions  of  a  second,  in  one,  or  more  of  the  distance  divisions, 
and  the  speed  was  accurately  ascertained.  The  force  and  direction  of 
the  wind  was  ascertained  by  a  wind-gauge,  placed  S  feet  above  the  top 
of  the  carriage,  with  the  connections  brought  down  to  pencils  which 
indicated,  on  the  same  sheet,  all  the  results.  Indicator-cards  were  also 
taken,  simultaneously,  from  the  steam  cylinders,  as  frequently  as  was 
practicable,  but  not  continuously,  as  it  was  a  service  of  some  danger, 
the  experimenter  being  obliged  to  sit  on  a  buffer-beam  of  the  engine, 
whilst  it  was  progressing  at  a  velocity  of  60  miles  per  hour,  and  in 
that  position,  to  take  off  four  sets  of  cards  in  three-quarters  of  a 
minute.  The  spot  selected  for  performing  the  experiments  was  one 
mile  of  railway  perfectly  straight  and  level,  and  nearly  flush  with  the 
surface  of  the  ground ;  the  height  of  the  trees,  hedges,  and  every 
intervening  object  which  could  affect  the  influence  of  the  wind,  was 
clearly  marked  in  the  plan  which  accompanied  the  paper.  The  ex- 
perimental train  consisted  of  first  and  second-class  carriages,  each  on 
six  wheels,  4  feet  in  diameter,  taken  from  the  working  stock,  and 
loaded  with  iron  to  represent  a  fair  load  of  passengers,  giving  a  gross 
weight,  for  each,  of  10  tons.  The  experiments  were  tried  with  various 
weights  and  speeds  up  to  100  tons  and  to  62  miles  per  hour,  and  the 
results  were  classified  and  arranged  in  a  tabular  form,  with  copious 
explanatory  headings,  so  as  to  render  reference  to  them  perfectly  easy. 

"The  Author  first  reviewed  the  deductions  of  Mr.  Wyndham 
Harding's  formula  and  gave  his  reasons  for  dissenting  from  that 
formula.  He  then  critically  examined  several  experiments  recorded  in 
the  Tables,  stating  all  the  exceptions  that  could  be  taken  to  them : 
showing  also,  that  although  there  was  a  difference  of  as  much  as  52 
per  cent,  between  the  resistances  deduced  from  Mr.  Harding's  formula, 
and  the  experiments  made  by  Mr.  Gooch,  that  difference  might  be  ac- 
counted for  by  the  methods  emploj^ed  by  Mr.  Harding,  but  which  were 
objected  to  as  calculated  to  produce  erroneous  results;  viz., — allowing 
carriages  to  run  down  inclines  by  their  own  gravity — using  wheels 
3  feet  in  diameter  instead  of  4  feet, — having  a  much  greater  length  of 
train  for  the  wind  to  act  upon,  etc.  He  considered  the  effects  of  a 
side  wind  against  a  train,  in  driving  the  flanges  of  the  wheels  against 
the  rails ;  and  argued  that  the  length  of  a  train  of  carriages  was  much 
more  important  than  its  weight. 

"The  Author  did  not  offer  any  formula  that  should  be  applicable 
for    calculating    the    resistance    of    all    railway    trains,    but    his    Tables 
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gave  examples  of  almost  every  case  that  could  occur,  and  thence  data 
could  be  supplied,  for  those  who  wished  to  carry  the  investigation 
further,  and  make  a  formula  for  themselves.  He  arrived  at  the  con- 
clusion, that  in  practice,  the  friction  of  the  axle-journals  v/as  not  a 
constant  quantity  at  all  speeds,  anc^  he  thought,  that  the  number  and 
diameter  of  the  wheels  in  a  train,  in  proportion  to  the  weight, 
would  form  elements  in  any  general  formula.  He  showed  by  experi- 
ments, that  the  total  atmospheric  resistance  to  a  train  weighing  50 
tons,  differed  but  slightly  from  that  which  was  offered  to  a  train 
of  100  tons,  if  the  carriages  were  small  and  the  train  long  in  the  one 
case,   and   the   reverse   in   the  other  case. 

'"The  Author  concluded  by  saying,  that  it  appeared  to  him  necessary 
before  any  general  formula  for  calculating  the  resistances  to  railway 
trains  could  be  made,  that  the  value  of  the  following  elements,  neces- 
sary in  such  formula,  should  be  determined  by  experiments : 

"(i)  The  axle-journal  friction,  at  different  velocities  and  with  dif- 
ferent weights,  per  square  inch  of  journal  surface. 

"(2)  The  resistance  to  the  rotation  of  the  wheels  and  axles,  per 
pair,  at  different  velocities,  and  with  different  diameters. 

"(3)  The  resistance  due  to  the  rolling  of  the  wheels  upon  the 
rails,  with  different  weights  upon  them,  and  with  different  diameters. 

"(4)  The  resistance  due  to  the  passage  of  the  train  through  the 
atmosphere,  at  different  velocities,  with  different  proportions  of  weight, 
and  of  length  and  breadth  of  train. 

"(5)  The  resistance  due  to  the  oscillation,  or  unsteady  motion  of 
the  train,  at  various   speeds. 

"The  Author  considered  that  all  these  values  might,  by  careful 
experiment,  be   determined  with   a  considerable  degree  of  accuracy." 

The  extracts  from  these  three  papers  indicate  fairly  well  the  state 
of  knowledge  of  train  resistance  up  to  about   1855. 

More  modern  writers,  in  considering  train  resistance,  raise  other 
questions.  Sinclair,  in  '"Locomotive  Engine  Running  and  Management," 
P-  375,   1891  edition,  says : 

"In  experiments  made  with  a  freight  train  on  the  Erie  Railway  in 
1881,  reported  by  Mr.  F.  M.  Wilder  to  the  Railway  Master  Mechanics 
Association,  it  was  found  that  the  total  resistance  on  a  level  track  was 
from  3.25  to  4.5  pounds  per  ton  at  speeds  under  20  miles  an  hour. 
These  figures  will  approximately  represent  the  resistance  due  to  wheel 
and  axle  friction  in  summer ;  but  this  resistance  will  be  higher  during 
cold  weather,  when  the  oil  in  the  axle-boxes  gets  frozen.  Track 
in  bad  condition  will  also  tend  to  increase  the  wheel  resistance,  and 
improperly  constructed  trucks  and  wheels  will  entail  the  use  of  more 
power  to  move  the  train.  W'here  trucks  are  so  defective  that  they  do 
not    maintain    the    wheels    revolving    in    parallel    planes,    the    flanges    of 
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some  of  the  wheels  will  rub  on  the  rail,  increasing  the  resistance. 
Wheels  out  of  round;  those  having  the  axle  out  of  center,  however 
slight;  wheels  of  different  size  on  the  same  axle;  and  numerous  other 
car-truck  disorders— all  contribute  their  share  in  making  a  train  pull 
hard." 

He   also   sets    forth 

"conditions  that  increase  train  resistance. 

"In  a  calm  day  the  atmospheric  resistance  is  very  slight  under  a 
speed  of  20  miles  an  hour.  To  a  fast  train,  atmospheric  resistance 
becomes  an  important  obstruction.  The  atmosphere  acts  on  the  train 
in  various  ways  that  are  hard  to  calculate  with  any  degree  of  accuracy 
— head  resistance  to  the  locomotive,  which  is  presumably  equal  to  the 
exposed  area  of  the  front  of  the  engine  and  cab  in  square  feet  multi- 
plied by  the  air-pressure  due  to  speed;  then  various  parts  of  the 
cars  present  surfaces  that  the  air  strikes  against,  and  increases  the 
resistance;  the  raised  and  projecting  roofs  of  passenger  coaches  offer 
an  ample  area  for  the  wind  to  hold  the  train  by;  and  every  opening 
between  the  cars  permits  the  wind  to  obstruct,  to  some  extent,  each 
individual  car.  Where  wind  is  blowing  freely  in  a  direction  to  strike 
the  train  on  the  side,  the  resistance  is  greatly  increased;  the  retardation 
being  due  to  the  wind  pushing  the  car  sidewise,  so  that  the  wheel- 
flanges  rub  against  the  rail,  and  also  to  the  wind  obtaining  a  strong 
hold  on  the  front  of  each  car.  In  the  case  of  a  freight  train,  the 
resistance  is  greatly  increased  when  the  doors  of  cars  are  left  open; 
for  every  car  in  that  condition  acts  like  a  parachute  to  reduce  speed. 
Freight  trains  arranged  with  box  cars  and  flat  cars  mixed  obtain  more 
than  a  fair  share  of  obstruction  from  the  atmosphere;  for  every  box 
car  that  has  a  space  opened  in  front  by  a  flat  car,  gets  nearly  the  full 
pressure  of  the  wind  in  its  front.  It  pays  in  coal  to  incur  some 
trouble  and  delay  in  putting  box  cars  together.  That  also  enables 
the  brakemen  to  get  along  the  train  more  rapidly  than  where  the 
cars   are  mixed. 

"In  the  experiments  already  alluded  to  on  the  Erie  Railway,  it 
was  found,  in  the  absence  of  wind,  that  the  first  car  of  a  freight 
train  produced  atmospheric  resistance  equal  to  a  surface  of  63  feet, 
multiplied  by  the  air-pressure  due  to  speed ;  and  that  each  subse- 
quent car  offered  a  resistance  of  20  per  cent,  of  that  due  to  the 
first  car." 

Lanza,  in  the  "Proceedings  of  the  American  Society  of  Mechanical 
Engineers,"  XXIV,  1903,  p.  947,  discusses  Blood's  paper  on  train  re- 
sistance  and   his   formula   as    follows : 

"It  is  because  a  great  deal  has  been  done  by  way  of  devising 
formulas   of  this   latter  class,  and  very  little  has   been  done  by  way  of 
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making  reliable  tests,  that  it  seems  to  me  that  we  have  not  yet  ob- 
tained enough  reliable  data  to  warrant  us  hi  the  hope  of  deducing 
rational   formulas   that   shall   be  applicable   to   the   conditions   of  service. 

"To  explain  more  fully  the  bearing  of  the  above,  I  will  say  that 
the  experiments  upon  which  train'  resistance  (whether  rational  or 
empirical)    have  been  based  have  been  of  the  following  kinds: 

"(A)  Bringing  the  train  up  to  some  point  on  the  road  with  a 
known  velocity,  then  letting  it  run  without  steam  and  noting  the 
distance  it  runs  before   coming  to   rest. 

"(B)  Observing  the  initial,  and  also  the  final  velocity  at  different 
points    in   its   travel    when    running   without    steam. 

"(C)  Starting  it  at  a  zero  velocity,  at  the  top  of  an  inclined  plane, 
thus  letting  gravity  impart  velocity  to  it,  and  then  letting  it  run  on  a 
level  till  it  stops. 

"(D)  By  taking  indicator  cards  when  it  is  a  question  of  the  en- 
tire train,  including  the  locomotive  and  tender,  and  by  dynamometer, 
when  only  the  resistance  of  the  cars   is  desired. 

"(E)  .In  many  cases  experiments  have  been  made  by  some  of 
these  methods,  using  only  a  single  car,  instead  of  a  train  of  cars. 

"It  is  believed  that  the  only  experiments  on  train  resistance  from 
which  reliable  results  for  use  in  practice  can  be  obtained,  are  those 
where  a  recording  dynamometer  is  used  when  it  is  a  question  of  the 
resistance  of  the  cars  alone,  or  where  indicator  cards  are  used,  when 
it  is  a  question  of  the  resistance  of  the  entire  train  including  the 
locomotive    and    tender. 

"When  any  of  the  other  methods  stated  above  are  used,  the  train 
is  not  in  the  condition  in  which  it  is  when  being  hauled  by  the 
locomotive,  as  for  instance,  if  a  line  of  cars  be  allowed  to  descend  a 
grade,  acted  on  by  gravity  alone,  the  tensions  on  the  train  hooks 
are  quite  different  from  those  actually  occurring  in  the  usual  running 
of  a  train  on  a  level  track;  besides  which  the  velocity  is  a  varying  one. 

"Having  had  occasion  to  have  the  resistance  of  certain  trains 
deduced  from  dynamometer  diagrams,  certain  facts  developed  which  if 
may  be  well   to  mention   here : 

"(i)  In  working  up  such  data  it  is  necessary,  of  course,  to  take, 
account  of  the  difference  of  actual  energy,  and  also  of  the  difference 
of  level  at  the  beginning  and  end  of  the  section  under  consideration. 

"(2)  If  the  attempt  is  made  to  use  five-second  periods,  so  much 
difficulty  will  be  found  in  a  correct  determination  of  the  speed  that 
the  increase  in  velocity  head  due  to  the  consequent  inaccuracy  is  liable 
to  be  larger  than  the  head  due  to  dynamometer  work,  and  hence 
follow  very  variable  and  often  absurd  results. 

"(3)  Indeed,  two  adjacent  five-second  spaces  will  often  vary  by 
6  or  7  per  cent,  and  such  a  variation  in  the  space  of  five  seconds 
would,  in  the  case  of  a  heavy  train  running  at  high  speed,  require 
more  power  than  any  locomotive  could  exert  while  pulling  its  train. 
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"(4)  Hence  it  follows  that  the  use  of  five-second  periods  in  work- 
ing  up   dynamometer   diagrams    is   entirely   unsuitable. 

"(5)  In  view  of  all  the  above,,  the  following  was  the  method 
adopted.  Compute  the  resistance  over  stretches  of  straight  track  at 
least  five  miles  long,  over  which  the  maximum  variation  of  speed  does 
not  exceed  five   miles   per  hour. 

"(6)  It  is,  of  course,  of  the  greatest  importance  that  the  dynamom- 
eter should  weigh  the  pull  correctly,  and  that  no  doubt  whatever 
should   exist   in   this   regard. 

"In  the  light  of  the  above  it  will  be  evident,  it  seems  to  me,  that 
very  few  of  the  train  resistance  formulas  that  have  been  proposed 
are  based  upon  such  experimental  data  as  will  entitle  them  to  the 
confidence  of  railroad  men,   and   of  the  locomotive  builders." 

Daniel,  in  "Engineers'  Year  Book,  Univ.  of  Minnesota,"  1900,  p.  45, 
discusses   train   resistances   as   follows : 

"The  subject  of  train  resistance  is  one  that  has  occupied  the  at- 
tention of  technical  and  practical  men  ever  since  the  introduction  of 
the  locomotive  ...  but  in  spite  of  the  long  line  of  experimentation 
in  this  one  direction,  much  uncertainty  still  exists,  results  and  formulas 
dififering  so  widely  that  almost  any  result,  within  reasonable  limits,  can 
be  found.  Some  claim  that  the  resistances  vary  with  the  square  of  the 
velocity,  others  with  the  first  power  of  the  velocity,  still  others  with 
both  the  first  and  second  powers  of  the  velocity,  while  still  another 
finds  it  to  vary  with  the  one-and-eight-tenths  (1.8)  power  of  the 
velocity,  and  the  coefficients  are  all  at  variance,  even  in  equations 
having  the  same  general  form ;  so  that  railroad  companies,  at  present, 
have  their  own  dynamometer  cars  and  obtain  results  which  strictly 
apply  to  their  road  and  service  only.  Even  this  is  not  entirely  satis- 
factory, for  results  obtained  under  conditions  apparently  the  same, 
frequently  differ  widely.  It  must  not  be  supposed  that  because  results 
are  different,  that  the  tests  are  poorly  conducted,  or  that  there  is  no 
law  governing  such  resistances,  but  it  must  be  understood  that  tests 
are  made  under  various  conditions  and  until  standard  conditions  arc 
prescribed    and    followed,    uniform    results    cannot   be    expected. 

"It  is  a  matter  of  every-day  observation  that  there  is  more 
pounding  and  oscillating  in  a  fast,  than  in  a  slow  moving  train ;  or  in 
other  words,  that  oscillation  and  concussion  increase  with  the  speed. 
.  .  .  .  Some  ascribe  this  unknown  resistance  to  an  'elastic  wave' 
rolling  up  on  the  rail  in  front  of  the  car  wheel,  and  tending  to  retard 
its  progress.  But  whatever  causes  it,  it  is  there,  experiment  after 
experiment  demonstrates  it,  and  that  is  enough  for  the  practical  man ; 
he  knows  how  much  it  is  and  makes  provisions  for  it  without  in- 
quiring   further. 

"The  Lake  Shore  &  Michigan  Southern,  in  1873,  figured  that 
$785,000    a    year    could    be    saved    by    reducing    the    train    resistances    25 
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per  cent.,  but  it  is  obviously  impossible  to  effect  such  a  saving  without 
some  inquiry  into  the  whereabouts  of  these  unknown  resistances.  The 
friction  due  to  air  on  the  sides  and  top  of  cars  is  very  small;  re- 
quiring a  pull  of  4.2  pounds  per  car  (Tr.  A.  S.  C.  E.,  1879,  p.  42,) 
and  is  a  case  of  sliding  friction  independent  of  velocity.  Assuming 
a  loaded  freight  car  to  weigh  33  tons,  this  air  friction  amounts  to 
0.13  pound  per  ton.  Variations  in  temperature  seem  to  affect  the 
resistance   in   a   marked   manner. 

"An  experiment   for  the   latter  was   made   with   a   dynamometer   car 
by  the   Soo   R.   R.   last  winter,   with  the  following  results : 


Miles  per 

Resistance  in 

Miles  per 

Resistance  in 

Hour. 

Lbs. 

per  Ton. 

Hour. 

Lbs. 

per  Ton. 

2.0 

11.8 

19.2 

8.S 

4.1 

6.66 

19.8 

741 

4-9 

8.6 

20.0 

6.26 

5-8 

6.0s 

20.5 

7.2 

6.5 

5.16 

22.0 

7.11 

8.0 

4.76 

24.4 

5-41 

8.1 

5-35 

24.7 

5-8 

9-5 

392 

26.0 

5-64 

15-3 

9.66 

26.5 

501 

17.0 

6.25 

"The  train  consisted  of  thirty-five  cars,  with  a  total  weight  of 
1,139  tons — tare  474  tons,  merchandise  665  tons.  At  Weyerhauser  (mile 
post  114)  the  train  was  increased  to  thirty-nine  cars,  1,277  tons.  The 
thermometer    stood    15°    above   zero,    wind    very    light. 

"These  correspond  closely  to  the  formula,  r  =  5.25  +  0.072  V.  As 
can  be  seen,  the  run  was  made  with  a  freight  train  and  with  a  small 
range  of  velocities   2  to  27  miles  per  hour." 

P.  H.  Dudley,  in  the  Railroad  Gazette,  1876,  p.  317,  described  some 
experiments  upon  single  cars,  and  small  groups  of  cars,  made  with 
his    dynagraph   car,   then   quite    new : 

"In  each  experiment  we  endeavored  to  run  each  car  or  cars  first 
at  a  speed  of  10  miles  per  hour,  then  at  20,  and  then  at  30,  but  from 
the  short  distance  to  run  before  acquiring  speed  to  pass  the  8th  mile 
post,   it  was   found   impossible   to   run   the   cars  exactly   as    desired. 

"The  chronograph,  which  registers  the  time  every  7]/^  seconds, 
shows  whether  the  velocity  is  being  accelerated  or  retarded,  and  at 
what  points.  The  cars  experimented  upon  were  such  as  we  found  in 
daily  use  at  the  yards.  In  the  final  resistance  given  in  the  sheets 
that  due  to  the  air  is  included.  As  yet  we  have  not  been  able  to 
use  anything  which  gives  uniform  results  as  to  the  effect  of  the  wind, 
though   we   have   used   the   most   sensitive   anemometers   and   vanes. 

"We    cannot    explain    many    anomalies    which    occur    in    the    results 
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of  single  cars.  Some  of  them  are  doubtless  due  to  difference  in  the 
engineers  who  ran  the  engines,  and  to  sudden  changes  in  wind.  The 
diagrams  in  which  they  occur  do  not  indicate  that  anything  was  wrong 
with  the  working  of  the  instrument ;  yet  it  is  possible  that  such  was 
the  case.  The  service  upon  the  instrument  with  single  cars  is  much 
more  severe  than  when  drawing  a  heavy  train,  as  the  piston  is  so 
much   smaller  for  that  "work. 

"We  find  in  all  our  experiments,  when  the  weight  of  the  cars 
is  partially  carried  upon  the  ends  of  the  truck  frames,  that  after 
passing  curves  or  switches  they  oftentimes  run  long  distances  before 
they  will  straighten  up  and  properly  track,  and  not  bind  upon  the 
flanges  of  the  wheels,  thereby  causing  increased  friction,  which  often 
shows  in  the  results  of  our  experiments.  It  is  seldom  that  we  find 
journals  upon  the  same  cars  of  the  same  size;  the  wear  is  not  uni- 
form, ranging  from  i\  to  ^^  of  an  inch  on  the  different  journals  of 
the  same  car.  Flanges  of  wheels  are  often  badly  worn  upon  opposite 
wheels,  and  the  axles  are  not  parallel.  There  does  not  seem  to  be 
any  uniformity  as  to  the  width  and  length  given  to  bearings ;  some 
will  have  2  inches  and  2^  in  width,  the  length  varying  from  5  to 
8  inches.  As  a  rule,  we  have  found  that  a  bearing  of  six  inches  in 
length  runs  easier  than  one  of  five,   and  is   not  so  liable  to   heat. 

"In  loaded  cars,  especially  after  standing  some  time,  the  lubricant 
seems  to  be  forced  from  between  the  journal  and  brass,  so  that  the 
car  needs  to  be  run  a  short  distance,  or  newly  oiled,  before  it  will 
run    at   the   usual    friction. 

"We  have  not  as  yet  attempted  to  formulate  any  of  the  informa- 
tion we  have  obtained,  deeming  it  of  importance  to  gain  more  before 
reaching  definite  conclusions.  It  will  doubtless  be  necessary  to  have 
constants  to  apply  to  a  general  formula  for  the  variously  constructed 
cars,   or   to    have   distinct   formulae    for    them. 

Experiments  by  P.  H.  Dudley : 

WITH     SINGLE     EMPTY     CARS. 


Car  No. 
9,109 
9,109 
9,109 
7,866 
7,866 
7,866 
9,312 
9,312 
9,312 
5,298 
5,298 


average   Speed  in 

Resistance  in 

Miles  per  Hour. 

Lbs.  per  Ton. 

11.7 

4-74 

21. 1 

9.61 

19.6 

7.12 

14-3 

0.51 

19.2 

3-64 

26.S 

7-93 

12.S 

4.11 

20.4 

7.64 

29.1 

11.40 

9-4 

4.58 

20.8 

9-95 
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Car  No. 

5.298 

5,298 

5.298 

5,298 

13,226 

13,226 

13,226 

25,684 

581 

581 

581 

581 


9,109    1^ 
9,312     I 


9,312 
3,706 


3.278 
7,866 


13,226 
14.031 


5,298    I 
6,689    ) 


Average  Speed  in 

Resistance  in 

Miles  per  Hour. 

Lbs 

;.  per  Ton. 

29.4 

17-51 

11.9 

3-77 

20.4 

9.90 

30.0 

18.96 

9.2 

7-53 

22.3 

II. 13 

29-5 

17.02 

10.4 

5.23 

20.9 

6.16 

9-7 

6.27 

21.3 

10.55 

28.2 

14.64 

WITH     TWO    EMPTY     CARS. 


1 1.6  2.79 

21. 1  6.71 

170  3-95 

28.9  11.44 

6.0  382 

131  4-98 

20.6  9.08 

29.3  12.78 

8.6  4-39 

19.6  10.46 

141  3-85 

25.2  12.32 

10.9  6.1 

19.2  9.16 
30.00  16.83 

10.3  550 

16.66  915 

28.2  18.08 


WITH  THREE    AND    FOUR    EMPTY    CARS. 
9,107        ^ 

9.312      V           .  12.6                                                3.44 

3,706        ) 

"  20.3                                                                     6.60 

"  27.7                                                                  12.43 
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Average   Speed  in  Resistance  in 

Car  No.                                     Miles  per  Hour.  Lbs.  per  Ton. 

"                                                   I0.8  4.42 

"                     •                             25.3  10.62 

30.0  14.94 
3,278      ) 

7,866      [                                          15.0  4-58 


2,9Ii 


\ 


195  7-45 

27.9  14.48 

26.66  12.64 

5,228      ) 

6,689      [                                          13-3  6.87 

7,813      ) 

"                                                    20.9  11.40 

29.5  17.93 

5,298      1 

6,689 

7,813       \                                         ''-^  5.95 

9,198      J 

"                                                   22.6  18.03 

"                                                   29.3  17.82 

ONE     AND     TWO    LOADED     CARS. 

1,475                                                    9-5  406 

"                                                   13.2  3.06 

18.0  3-8o 

18.5  3-25 

11.6  2.86 
18.6  4.01 

13,226    ) 

14,031     f                                          10.8  5.24 

"                                                  21.8  12.00 

28.6  14.83 


3,277 
3,744 


564 


"  20.9  7.69 

S.635  28.2  13.10 

8,293  17-8  10.57 

"In  a  general  statement  we  give  the  average  friction  per  ton  of 
29  loaded  and  2  empty  cars  from  Toledo  to  Cleveland,  total  weight 
of  590  tons,  at  20  miles  per  hour,  at  7.45  lbs.  From  Cleveland  to 
Erie  of  37  loaded  cars,  weight  709  tons,  speed  20  miles  per  hour,  6.85 
lbs.,  and  from  Erie  to  Buffalo,  of  25  loaded  cars  and  2  empty  cars, 
weight    512.4    tons,    the    friction    was    7.94    lbs.    per    ton.     These    were 
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upon  the  Lake  Shore  &  Michigan  Southern  Railway,  and  include  all 
the  resistances  due  to  gravity  and  air.  On  the  Cleveland  &  Pittsburg 
Railway,  from  Cleveland  to  Wellsville,  the  average  friction  per  ton  for 
an  oil  train  of  313  tons,    10.72  lbs.   per  ton." 

Two  points  of  special  importance  should  be  noted  in  connection 
with  the  experiments  described  in  this  paper.  First,  the  great  varia- 
tion in  the  resistances  of  different  cars ;  second,  the  differences  in  the 
resistances  between  trains  on  different  lines  of  railroad — 7.45,  6.85, 
7.94  lbs.  per  ton  on  the  Lake  Shore,  and  10.72  on  the  Cleveland  & 
Pittsburg.  While  part  of  this  may  be  explained  by  the  difference  in 
weights  of  trains,  it  is  not  improbable  that  condition  of  track  would 
explain  the  greater  part  of  it,  although  the  evidence  of  this  cannot 
be    considered    conclusive. 

Considering  again  groups  of  formulas,  those  of  Deeley,  Wolff  and 
West  may  most  properly  be  taken  up  together,  and  they  form  a  very  in- 
teresting example  of  how  train  resistance  formulas  have  been  derived. 
In  "The  Engineer,"  i8g8,  p.  276,  Deeley  gave  a  table  showing  the  results 
of  some  indicator  tests  made  in  England,  which  he  presented  to  combat 
the  opinion  advanced  as  late  as  1898  in  the  editorial  columns  of  "The 
Engineer,"  that  the  resistance  at  high  speeds  was  less  than  at  low  speeds, 
a  view  which  the  editor  in  several  numbers  sustained  with  great  per- 
tinacity. 

Deeley  writes  as   follows : 

'"Sir — I  should  like,  with  your  permission,  to  contribute  a  few  facts 
concerning  the  variation  of  train  resistance  with  speed.  It  is  an  un- 
doubted fact  that,  for  each  position  of  the  reversing  gear  of  a  locomotive, 
the  mean  cylinder  pressure  falls  off  as  the  speed  increases,  and  that, 
therefore,  at  high  speeds  the  tractive  effort  is  smaller  than  it  is  at  low 
speeds.  Such  a  fact  might  appear  to  indicate  that  the  actual  train 
resistance  decreases  as  the  speed  increases,  but  I  am  satisfied,  from  a 
consideration  of  the  many  hundreds  of  experiments  I  have  made,  that 
such  is  not  the  case. 

"Express  trains  only  run  at  slow  speeds  when  they  are  getting  away 
from  a  station  or  running  up  an  incline.  In  such  cases  the  locomotive 
has  to  overcome  the  resistance  of  the  road,  air,  journals,  etc.,  and  also 
to  lift  the  train  to  the  summit  of  the  bank  and  get  up  speed.  On  the 
other  hand,  at  very  high  speeds,  the  train  is  either  descending  a  bank 
or  is  losing  speed  after  reaching  the  bottom.  Whether  this  view  be 
correct  can  only  be  settled  by  experiment,  and  as  you  have  challenged 
railway  engineers  to  produce  results,  I  venture  to  give  in  the  following 
table  some  results  I  have  obtained : 
13 
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Weight  of  engine,  Train  Resistance  in  Value  of  C  in 

coaches,  etc.,  in  lbs.  lbs.,  per  ton.  Formula. 

556,000  7-91  273 

364,000  7-75  291 

252,000  8.32"  287 

414,000  9-95  293 

467,000  10.56  284 

302,000  12.52  271 

387,000  13-55  288 

438,000  1 3-8 1  281 

304,000  13-29  297 

304,000  13-51  297 

397,000  14-33  307 

423,000  14-79  297 

403,000  15-92  282 

389,000  15-79  295 

437,000  17-31  282 

363,000  17-25  293 

413,000  1725  327 

245,000  20.16  283 

508,000  1 9- 1 6  321 

368,000  23.83  251 

Mean    290 

"In  the  third  column  of  the  table  the  calculated  value  of  C  is  given, 

and  this  mean  gives  us  the  formula : 

V 

R  =  3  + 

290 

These  results  are  shown  by  diagram  in  Fig,  6,  together  with  the  for- 
mulas of  Deeley,  Wolff,  and  West,  together  with  a  straight  line  formula 
to  be  mentioned  later. 

Wolff,  in  "The  Engineer,"  1898,  p.  232,  at  a  date  earlier  than  that 
of  Deeley's  letter,  shows  the  same  formula,  as  appears-  below. 

"In  every  single  case  of  which  I  have  heard,  the  resistance  has  been 
found  to  vary  according  to  a  similar  law  to  that  first  enunciated  by  Mr. 
D.  K.  Clark.  The  agreement  between  the  results  obtained  by  different 
experimenters  is  very  marked,  and  all  the  results  agree,  within  a  small 
percentage,  with  the  formula 

R  =  3  + 

290 

for   the  total    resistance    of    the    engine    and   train.     This    may    be    taken 

as  the  mean  result  of  several  thousands  of  experiments." 

The  experiments  quoted,  evidently  are  Deeley's,  and  apparently  the 
formula  is  Deeley's  also.  Probably  Wolff  had  knowledge  of  it;  he  was 
a  younger  man,  writing  from  the  same  town,  and  perhaps  was  an 
employee  or  associate  of  the   former. 
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Wolff,  however,  seems  not  to  have  been  fully  satisfied  with  the  for- 
mula, for  he  devised  another  from  the  same  experiments.  He  writes 
in   "The   Mechanical    Engineer,"    1899,   p.   257 : 

"A  very  carefully  conducted  series  of  experiments,  made  by  M.  La- 
boriette,  in  France,  when  reduced  to  English  measures,  gives  the  for- 
mula 

V 

R  =  3-25+ 

281 

"At  the  same  time  a  number  of  experiments  were  made  by  Mr.  R. 
M.   Deeley  on  the  Midland  Railway,  which  give  the   formula 

R  =  3  + 

290 

"Considering  what  a  very  variable  quantity  the  train  resistance  is, 
depending  as  it  does  on  the  weather  and  condition  of  the  road,  the 
agreement  of  these  two  experiments  is  remarkably  close. 

"All  these  formulae  only  apply  to  speeds  of  over  20  or  25  miles  an 
hour.  Below  this  the  train  resistance  is  much  higher  than  the  results 
given  by  the  formulae,  owing  to  the  fact  that  the  lubrication  of  the 
journals  at  low  speeds  is  imperfecft.  The  carriage  journals  are  loaded 
to  a  pressure  of  about  390  lbs.  per  square  inch,  and  under  these  condi- 
tions no  continuous  oil  film  is  established  between  the  journal  and  the 
brass  until  the  above  mentioned  speed  has  been  attained. 

"In  view  of  this  fact,  the  Author  has,  on  the  basis  of  Mr.  Deeley's 
experiments,  and  also  some  additional  trials  at  low  speeds,  found  the 
following  formula,  which  holds  true  from  the  lowest  speeds  up  to  the 
highest  at  which  tests  have  been  made : 

•V+  12  \        V 


(V+12  \ 
1 
V  +  3  / 


300 

"At  very  low  speeds,  when  the  second  term  can  be  neglected  in  com- 
parison to  the  first,  the  curve  is  a  hyperbola  and  when  V  =  o,  R=i2. 
At  very  high  speeds  the  first  term  is  very  nearly  equal  to  3,  so  that 
this  part  of  the  curve  is  a  parabola  closely  approximating  to  those 
obtained  by  Messrs.  Deeley  and  Laboriette." 

Wolflf  gives  no  data  for  the  "additional  trials  at  low  -speeds"  which 
fix  the   lower   resistance   of  his   formula. 

Again,  in  "The  Engineer,"  1899,  p.  395,  West  takes  the  same  ex- 
periments  and    finds    a    formula, 

V        Y' 

R=5 + 

15       246  i 

and  explains  it  as  follows : 
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"Sir — In  a  letter  to  'The  Engineer,'  March  25,  1898,  Mr.  Deeley 
gives  a  table  of  railway  train  speeds  and  mean  cylinder  pressures,  found 
by  experiment  for  speeds  ranging  from  about  36  miles  per  hour  up  to 
about  T2  miles  per  hour,  and  gives  a  column  of  train  resistances  in 
pounds  per  ton,  duly  corrected  for  gradients  and  acceleration.  I  plotted 
these  data  to  scale,  and  drew  a  curve  through  them  to  eliminate  errors 
in  the  experiments,  and  the  curve  averages  the  plotted  points  very 
fairly. 

"Now  let  the  equation  of  the  curve  be  assumed  of  the  shape 
R  =  a  +  bV+cV*.  Determine  the  coefficients  a,  b,  c  by  measuring  the 
curve  at  three  different  speeds,  say  at  V  =  36;  V^56;  V  =  70-  The  cor- 
responding values  of  the  tractive  force  are  R  =  7.7;  R  =  I3.8;  R  =  20.o. 
This  gives  three  equations,  from  which  are  obtained  the  values  of  the 
three  coefficients, 

I  I 

a  =  4.9 ;  b  = ;  c  ^ ; 

14.7  246.6 

which  may  be  slightly  rounded  off  to  get  rid  of  useless  decimals,  into 

V         V 

R  =  5 + 

15       246 

"This  formula  agrees  exactly  with  the  upper  part  of  the  curve  as 
obtained  by  experiment  for  speeds  from  36  up  to  72  miles  per  hour, 
and  is,  therefore,  a  true  expression  of  fact,  independent  of  any  theory. 

"I  continued  the  curve  on  down  from  z^^  miles,  plotting  it  from  the 
equation  found  for  the  upper  part.  As  there  are  no  experimental  data 
given  for  speeds  below  2>^  miles,  there  is  no  certainty  that  the  lower  part 
of  the  curve  correctly  represents  the   resistance  at  slow  speeds. 

"It  shows,  however,  a  minimum  resistance  at  about  eight  miles  per 
hour.  There  is  nothing  impossible  in  this  being  true,  and  it  would  be 
ver>'   interesting   to   verify   it   experimentally." 

As  a  result,  we  have  these  three  formulas,  based  upon  the  same 
experiments,  which  appear  from  the  table  and  the  figure  to  be  20  in 
number,  and  it  is  difficult  to  tell  which  best  fits  the  experiments.  All 
three  agree  quite  closely,  the  variation  within  the  limits  of  the  experi- 
ments being  hardly  more  than  one-half  pound.  It  may  easily  be  seen 
from  the  diagram  Fig.  6  that  if  the  last  experiment  at  72.18  miles  per 
hour  had  been  omitted,  being  that  at  the  highest  speed,  and  the  one 
which  shows  the  highest  value  of  R,  a  straight  line  reaching  through 
the  experiments  would  fit  them,  on  the  whole,  as  well  as  either  of  the 
three  formulas  given.  Such  a  formula  would  be,  perhaps,  R  =  0.36V  —  6 
(this  is  given  for  illustration  only  and  not  for  adoption).  It  will  be 
understood,  of  course,  that  any  single  observation  is  more  or  less  an 
accident,    and    this    is    perhaps    more    noticeably    true    of   an    observation 
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at  the  extreme  limit  of  a  series;  therefore,  either  one  of  these  four  for- 
mulas well  represents  these  experiments.  Beyond  the  limits  of  the  actual 
experiments  it  is  probable  that  the  different  formulas  would  show  a 
very  considerable  variation,  and  it  is  evident  that  one  cause  for  the  very 
large  variation  in  the  lines  shown  in  the  diagrams,  Fig.  i  and  Fig.  2, 
which  give  a  combination  of  the  different  formulas,  is  due  to  the  fact 
that  these  lines  are  extended  in  most  cases  far  beyond  the  limits  of  the 
experiments  upon  which  they  were  based,  extended  both  upwards  to  high 
speeds,  and  downwards  to  low  speeds. 

It  is  also  an  interesting  fact  that  within  a  year  later  Deeley  wrote  an- 
other letter  to  "The  Engineer,"  1899,  LXXXVII,  p.  29,  enumerating  ex- 
periments made  by  others  which  he  said  gave  somewhat  irregular  results  and 

V= 

high  resistances,  C  being  found  to  be  190,  in  this  case  R  =  3  + ,  in- 

190 
V* 
stead  of  R  ^  3  -f ,  which  his  own  experiments  showed. 

290 

Among  the  formulas  best  known  which  are  applicable  to  trains  in 
this  country,  is  what  is  called  the  "Engineering  News  Formula,"  found 
in  "Engineering  News,"  June  9,  1892,  Vol.  27,  p.  584. 

"new  facts  as  to  high-speed  train  resistance. 

"The  observations  lately  made  on  the  Empire  State  fast  express  of 
the  New  York  Central  and  Hudson  River  R.  R.,  by  Mr.  Angus  Sinclair, 
editor  of  'Locomotive  Engineering,'  as  abstracted  from  that  journal  in 
another  column,  are  among  the  most  important  evidences  on  record  of 
the  actual  resistance  of  trains  at  high  speeds.  Perhaps  we  might  even 
go  further,  and  say  that  they  are  the  most  important,  especially  as  they 
are  reasonably  consistent  with  the  mean  of  the  few  other  records  which 
have  been  obtained  for  speeds  of  50  to  75  miles  per  hour,  while  pre- 
sumably far  more  trustworthy  and  decisive  than  any  of  these  prior 
records.  As  such  they  are  a  real  contribution  to  technical  knowledge. 
We  trust,  though  we  hardly  expect,  that  they  will  attract  the  attention 
they  deserve,  and  we  recommend  electrical  journals,  especially,  to  repro- 
duce them,  as  having  an  important  bearing  on  pending  efforts  to  obtain 
very  high  speeds  by  electric  power,  and  going  far  to  indicate  that  those 
efforts  may  be  successful. 

"In  the  first  place,  there  are  very  few  pieces  of  track  in  the  world 
which  are  so  nearly  level  that  it  is  possible  to  reason  with  confidence 
from  indicator  diagrams.  On  most  pieces  of  track,  even  with  easy 
grades,  there  is  more  or  less  rise  and  fall  all  the  time,  and  with  it  a 
constant  fluctuation  of  speed,  so  that  it  is  difficult  or  impossible  to  tell 
whether  the  speed  shown  is  that  resulting  from  the  work  indicated,  or 
from    some    past    or    present    effect    of    gradients.      The    Hudson    River 
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Division  is  practically  a  dead  level  for  its  entire  length  (143  miles),  the 
only  exception  being  that  at  a  few  points  short  cuts  of  some  lengths  were 
taken  through  jutting  points  of  the  banks,  and  on  these  very  slight  grades 
(usually  of  o.i  per  cent.)  were  introduced,  chiefly  for  drainage  purposes 
in  the  cuts.  Moreover,  although  this  road  is  more  than  half  curves 
through  the  Highlands,  yet  its  curves  are  everywhere  easy ;  and  except 
through  the  Highlands  and  at  a  few  special  points  the  curves  are  neither 
many  enough  nor  sharp  enough  to  sensibly  affect  the  resistance  of  a 
high-speed  train.  This  is  all  the  more  true  because  the  resistance  of 
curves  in  pounds  per  ton  is  almost  certainly  much  less  at  high  speeds 
than  at  low  speeds.  At  least  we  regard  that  fact  as  established,  though 
it  has  not  yet  become  a  recognized  fact  in  general  engineering  literature. 

"In  the  second  place,  the  observations  were  made  on  no  special  or 
exceptional  run,  nor  was  any  special  or  exceptional  speed  made.  The 
same  train  makes  the  same  run  at  practically  the  same  speed  every  day, 
it  being  considerably  the  fastest  regular  train  in  the  world.  No  prepara- 
tions whatever  were  made  for  the  run  except  to  provide  for  taking  in- 
dicator cards. 

"We  have,  therefore,  in  this  case,  no  such  elements  of  doubt  as 
obscure  short  run  tests,  such  as  those  made  by  Mr.  Wm.  Stroudley 
on  the  London,  Brighton  &  South  Coast  Railway  some  years  ago.  In 
those  tests  the  whole  run  was  only  50.4  miles  long,  the  speed  only  43.3 
miles  per  hour,  the  grades  highly  undulating. 

"Mr.  Stroudley's  test,  we  may  note,  showed  a  mean  train  resistance 
of  a  train  weighing  335.7  long  tons,  of  14.8  lbs.  per  long  ton,  or  13.2  lbs. 
per  ton  of  2,000  lbs.,  for  a  mean  speed  of  43.3  miles  per  hour,  and  this 
part  of  his  test  ought  to  have  been  measurably  reliable. 

"The  weight  of  the  Empire  State  Express  train  was  approximately 
(it  was  not  specially  weighed)  270  tons,  as  follows : 

Four  coaches   with  load  of  passengers 340,000  lbs. 

Engine  and  tender,  with  mean  load 200,000  lbs. 

Total   540,000  lbs. 

"The  total  number  of  indicator  diagrams  given  by  Mr.  Sinclair  was 
12,  of  which  8  only  are  for  even  speeds,  and  the  remaining  4  for  gaining 
speeds.  The  last  have  an  interest  as  showing  how  nearly  the  engine 
was  doing  its  full  work  while  gaining  speed,  and  also  for  checking  the 
probable  accuracy  of  the  diagrams  at  full  speeds,  but  tell  nothing  as 
to  mean  rate  of  train  resistance.  Mr.  Sinclair  gives  some  computations 
of  the  average  resistance  in  po,unds  per  ton  from  these  diagrams,  but 
we  have  preferred  to  make  independent  computations  for  each  diagram 
separately,  and  on  a  slightly  different  basis,  giving  fractionally  different 
results. 

"The  chief  difference  we  made  was  to  allow  5  per  cent,  instead  of 
10  per  cent,  for  the  internal  engine  friction.  We  do  this  for  two  reasons : 
first,   because   we   do   not   believe   it   is   ever    so   high   as    10  per   cent,    in 
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a  well-built  engine  working  up  to  its  full  power,  and  second,  because 
the  extremely  low  train  resistance  shown  in  any  case  makes  it  improper 
to  arbitrarily  reduce  it  still  more  by  an  allowance  for  internal  engine 
friction    (not  taxing   adhesion)    which   may  be   too   large. 

"Now  let  us  rehearse  a  few  more  facts  bearing  upon  this  question, 
and  then  see  if  they  give  any  common  indications. 

"Mr.  P.  H.  Dudley  made  some  careful  and  extended  tests  of  a  (for 
that  day)  fast  express  on  the  New  York  Central  &  Hudson  River  Rail- 
road, the  train  weighing  313  tons  gross,  and  250  tons  behind  the  tender, 
with  the  result  that  at  51.43  miles  an  hour  (mean  of  some  20  miles)  the 
total  train  resistance  was  17.8  lbs.  per  ton,  which,  less  5  per  cent.,  gives 
16.9  lbs.  per  ton." 

This  paragraph  is  an  interesting  example  of  the  ease  with  which 
mistakes  creep  in  and  help  to  bring  about  erroneous  conclusions.  Welling- 
ton, in  his  "Economics  of  Railway  Location,"  p.  519,  shows  a  table  which 
evidently  is  a  record  of  this  test  of  Mr.  Dudley's.     From  this  it  appears 


iO     20     30    AO     50     60    70     ao    90     100 
K\ile*    par  Hour 

Fig.    7. 


that  the  train  did  weigh,  as  stated,  313  tons,  including  engine  and 
tender,  that  the  test  was  made  by  dynamometer,  so  that  no  deduction  of 
5  per  cent,  for  internal  engine  resistance  should  be  made,  that  the  train 
did  run  for  4  miles  only  at  just  the  average  speed  of  51.43  miles, 
although  the  average  for  20  miles  would  be  not  far  from  this  speed,  and 
that  the  resistance  for  the  4  miles  at  51.43  miles  was  10.5  lbs.  per  ton, 
and  for  the  20  miles  less  than  11  lbs.  and  probably  as  low  as  10  lbs.  per 
ton.  Mr.  Dudley  himself,  in  the  report  to  the  American  Railway  Master 
Mechanics'  Association,  1882,  p.  132,  also  refers  to  the  resistance  at 
51.43  miles  as  about  11  lbs.  per  ton,  as  does  Mr.  Sinclair  in  his  "Loco- 
motive   Engine    Running    and    Management." 
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If  the  Dudley  dot  on  the  diagram,  Fig.  7  (which  is  copied  from 
"Engineering  News"),  be  carried  down  to  11  lbs.,  as  shown  by  the  full 
dot,  instead  of  the  circle,  at  16.9  lbs.,  and  the  Sinclair  dots  be  carried  down 
to  the  points  which  Mr.  Sinclair's  allowance  of  10  per  cent,  of  engine 
resistance  would  dictate,  it  will  be  found  that  the  Baldwin  Locomotive 
formula  will  fit  the  experiments  plotted  quite  as  well  as  does  the  "En- 
gineering News"  formula.  It  should  be  noted,  however,  that  the  elements 
shown  in  the  experiments  plotted  are  queer  companions,  being  (i)  the 
New  York  Central  Sinclair  tests  of  1892;  (2)  the  Stroudley  English 
tests  made  long  since  and  criticized  in  the  above  editorial ;  (3)  the 
Wordsley  English  tests,  also  criticized  seriously  (but  not  quoted  here)  ; 
(4)  the  Dudley  dynamometer  tests  of  1882,  which  did  not  include  the 
engine  head  resistance,  while  the  others  noted  did  include  this,  being 
indicator  tests ;  (5)  finally,  some  compiled  formula  resistances  at  low 
speeds  referred  to  thus : 

"These  values  are  plotted  on  the  accompanying  diagram,  but  they 
are  now  generally  admitted  to  be  too  high  by  i  to  2  lbs.  per  ton." 

It.  should  be  noted  further  that  the  weight  of  train  was  not  known 
except  approximately  as  "it  was  not  specially  weighed." 
The  editorial  continues : 

"The  element  of  axle  friction  only  in  train  resistance  is  fairly  well 
determined  at  about  4  lbs.  per  ton  for  passenger  and  loaded  freight  cars, 
and  6  lbs.  per  ton  for  empty  freight  cars  at  speeds  of  10  to  30  miles  per 
hour.  The  general  law  of  friction  is  also  well  determined  that  at  very 
high  journal  speeds  the  lubricants  are  so  well  carried  around  between 
the  metallic  surfaces  that  the  friction  is  greatly  reduced,  and  may  almost 
become  evanescent.  Mr.  John  W.  Cloud  and  othei-s  have  directly  ob- 
served this  fact  in  railway  service,  and  expressed  the  opinion  that  at 
high  speeds  the  journal  friction  proper  may  be  less  even  than  2  lbs. 
per  ton." 

The  editorial  then  refers  to  the  atmospheric  experiments  of  Crosby 
in  "Engineering  News,"   1890,  pp.  506,  530,  561 : 

"Mr.  O.  T.  Crosby,  late  of  the  U.  S.  Corps  of  Engineers,  recently 
made  some  experiments  on  air  resistance  of  a  novel  type  and  at  ex- 
ceptionally high  velocities,  extending  up  to  130  miles  per  hour.  He 
reached  the  conclusion  (i)  that  air  resistance  at  high  speeds  was  very 
much  less  than  current  formulas  made  it,  and  (2)  that  it  increased 
directly  as  the  speed  and  not  as  the  square  of  the  speed.  Without  con- 
sidering whether  or  not  the  last  conclusion  was  warranted  (we  were 
not  and  are  not  prepared  to  admit  it),  the  evidence  when  fairly  con- 
sidered was  very  strong  indeed  that  air  resistance  at  high  speeds  was 
much  less  than  had  been  supposed. 
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"Mr.  Crosby's  formula  for  air  resistance  in  pounds  per  square  foot  of 
normal  exposed  surface  was 

r=:0.i3iV." 

Crosby,  with  becoming  modesty  and  commendable  scientific  spirit, 
was  careful  not  to  clairn  that  his  experiments  established  the  law  that 
atmospheric  resistance  increases  directly  as  the  speed,  although  his  ex- 
periments pointed  that  way.  Having  now  the  Goss  experiments  and 
those  of  Aspinall  and  others,  it  is  reasonable  to  still  assume  that  at- 
mospheric resistance  increases  as  the  square  of  the  speed. 
The  editorial  says  further — 

"It  is  now  an  admitted  fact  that  the  axle  friction  at  the  instant 
of  starting  is  now  many  times  greater  than  after  the  vehicle  is  once 
under  way  and  that  the  drop  from  this  high  resistance,  while  very 
rapid,  is  by  no  means  instantaneous,  but  requires  a  speed  of  from  5  to 
10  miles  per  hour  before  the  normal  rate  is  attained.  The  starting 
resistance  at  times  rises  considerably  above  20  lbs.  per  ton ;  i.  e.,  a  car 
on  a  I  per  cent,  down  grade,  which  gives  an  accelerating  force  of  20 
lbs.  per  ton,  will  not  always  start  of  itself  without  aid.  A  force  of 
16  lbs.  per  ton  will  very  rarely  start  a  car  in  motion.  A  fair  average 
is  about  20  lbs. 

"All  these  various  data  we  have  .plotted  on  a  little  diagram  repro- 
duced herewith,  to  which  we  have  added  a  line  to  show  what  the 
evidence  at  hand  appears  to  indicate  as  to  the  true  rate  of  traiii  resistance 
in  pounds  per  ton.  The  six  observations  on  high-speed  trains  are  shown 
by  small  circles  with  the  name  of  each  observer  attached.  Above  is 
shown  the  old  Clark  formula.  The  range  of  the  older  formulas  at  10, 
20  and  30  miles  per  hour  is  shown  at  the  left.  There  have  been  some 
showing  still  higher  resistances  than  Clark's,  but  they  have  not  met 
general  acceptance.  For  the  most  part  they  fall  below  Clark's  at  low 
speeds. 

"Is  it  possible  to  find  in  this  diagram  any  support  for  the  theory 
that  train  resistance  varies  as  the  square  of  the  velocity?  We  are 
unable  to  do  so ;  especially  as  it  is  easy  to  see  how  the  facts  which  we 
have  narrated  should  make  resistance  observations  within  a  narrow  range 
of  low  speeds  only  appear  to  indicate  that  the  velocity  resistances  vary 
as  the  square  or  even  a  higher  power,  when  they  really  vary  directly 
with  the  velocity.  We  by  no  means  give  our  adhesion  to  the  latter 
theory.  We  are  merely  weighing  evidence.  We  do  say  that  so  far  as 
the  existing  evidence  as  to  high  speeds  goes,  all  of  it  supports  the  latter 
theory  and  none  of  it  the  older  and  heretofore  accepted  theory.  If  the 
line  on  the  diagram  gives  a  true  mean  of  trustworthy  experiments,  then 
the  resistance  of  passenger  trains  at  speed  is  given  by  the  equation 

r  =  0.24  V  -f  2 
or  perhaps  as  accurately  and  more  simply 

r  =  KV  +  2. 
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"We  shall  watch  with  much  interest  to  see  how  further  developments 
correspond  with  this  formula.  It  is  entirely  possible  that  they  may 
discredit  its  form,  or  even  its  substance.  But  until  they  do,  and  for 
the  present,  experimenters  at  high  .velocities  of  over  a  mile  a  minute 
can  have  no  better  guides  as  to  the  true  resistance,  we  think,  than  the 
above  formula,  and  this  fact  at  least  seems  to  be  now  established  beyond 
peradventure  that  high-speed  train  resistances  are  very  much  lower  than 
has  been  heretofore  supposed,  or  than  has  even  seemed  possible." 

It  is  rather  difficult  to  see  how  the  experiments  recited  here  serve 
in  any  way  to  determine  the  shape  which  the  formula  for  resistance 
ought  to  take.  The  conclusion  that  high  speed  resistances  are  no  longer 
as  high  as  formerly  thought  true,  seems  to  be  justified  by  later  ex- 
perience. It  certainly  is  interesting  to  note  the  basis  for  this  very  popular 
formula. 

Perhaps  the  best  support  for  the  proposition  that  at  high  speeds  the 
resistances  are  lower  than  previously  supposed,  may  be  found  in  the 
experiments  establishing  the  Baldwin  Locomotive  Formula,  as  described 
in  the  "Railroad  Gazette,"  1899,  p.   183. 

"the  BALDWIN    TRAIN   RESISTANCE  FORMULA. 

"In  1897  (p.  348),  in  discussing  some  elaborate  and  valuable  tests 
of  train  resistances  by  Monsieur  Barbier,  we  mentioned,  among  others, 
the  formula  for  train  resistance  got  from  actual  tests  by  the  Baldwin 
Locomotive  Works.  Since  that  time  we  have  had  frequent  inquiries 
for  particulars  as  to  just  what  this  formula  is  and  how  it  was  arrived  at. 
We  are  now  permitted  to  publish  the  following  explanation  of  the  matter, 
which,  so  far  as  we  know,  is  the  first  time  that  any  account  of  the 
Baldwin  trials  and  deductions  has  been  made  public.  We  regard  this  as 
a  really  valuable  contribution  to  the  actual  knowledge  of  the  world  as  to 
the  resistances  of  railroad  trains  at  high  speeds. 

"In  the  fall  of  1896,  permission  was  secured  to  conduct  a  test  on  the 
Atlantic  City  Railroad.  As  will  be  seen  by  the  profile,  the  grades  are 
very  slight.  This,  together  with  its  freedom  from  curves,  renders  the 
track  particularly  adapted  to  experiments  of  this  nature. 

"The  engine  was  equipped  with  indicators,  revolution  counter  and 
chronograph.  About  three  indicator  cards  were  taken  per  minute,  and 
in  addition  to  other  observations,  required  for  other  purposes,  the  speed 
and  the  exact  point  on  the  road  at  which  the  cards  were  taken  were 
recorded,  the  revolution  counter  being  employed  to  determine  the  distance 
from  the  preceding  mile  post  at  which  each  indicator  card  was  taken.  The 
acceleration  or  retardation  was  determined  from  the  chronograph  rec- 
ord, and  these  were  checked  by  an  entirely  separate  speed  observation 
at  the  time  the  indicator  cards  were  taken.  A  number  of  tests  were 
made  with — 
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"(A)  A  six-coach  train,  two  of  which  were  Pullman. 

"(B)  An  eight-coach  train,  three  of  which  were  Pullman. 

"(C)  A  twelve-coach  train,  four  of  which  were  Pullman. 

"No  stops  were  made  between  terminals,  a  distance  of  55.5  miles. 

"The  results  of  each  test  were  tabulated  and  diagrams  were  plotted, 
showing  a  profile  of  the  road,  the  indicated  tractive  power,  as  calculated 
from  the  indicator  diagrams,  the  calculated  tractive  power  required  to 
overcome  grade  resistance,  the  calculated  tractive  power  due  to  accelera- 
tion or  retardation  of  speed,  and  finally  a  corrected  diagram,  which 
showed  the  tractive  power  required  to  haul  the  train  on  a  level  track 
at  a  uniform  speed. 

"The  corrections  were  made  in  the  following  manner :  The  horse- 
power developed  between  two  successive  mile  posts  was  averaged,  this 
was  then  corrected  for  the  difference  in  elevation  and  difference  in 
speed  when  the  train  was  entering  and  leaving  this  section.  In  order 
to  facilitate  this  calculation,  the  formula  for  acceleration  was  reduced 
to  the  form  0.0134  V^  which  includes  rotative  energy  of  wheels.  The 
results  of  all  the  tests  were  plotted  in  this  manner,  and  from  these 
diagrams  a  statement  was  tabulated  showing  the  resistance  per  ton 
whenever  the  train  was  running  at  the  rate  of  45,  50,  55,  60,  65,  70,  75 
and  80  miles  per  hour  respectively.  Each  group  of  these  results  was 
averaged ;  all  data  that  were  obtained  when  the  train  was  being  accelerated 
or  retarded  to  a  greater  extent  than  three  seconds  per  mile  were  dis- 
carded. These  averages  were  plotted  with  speed  as  abscissa,  the  result- 
ing curve   being  a  very  flat   second   degree  curve.     A   straight  line  cor- 

V 

responding  to  the  equation  r  =  3 -| gives  a  maximum  variation  of  less 

6 
than  one  pound  per  ton  from  the  actual  curve  derived,  and  on  account 
of  the  greater  facility  with  which  the  calculations   could  be   made,   was 
considered   preferable    for    a    working   equation. 

"In  round  numbers,  the  total  train  weights  were  340,  420  and  580 
short  tons.  Within  these  limits  the  weight  of  the  train  exercised  prac- 
tically no  influence  on  the  resistance  per  ton ;  the  average  resistance  of 
the  lighter  train  being  but  -A  of  a  pound  per  ton  higher  at  45  miles 
per  hour,  almost  precisely  the  same  at  60  miles  per  hour,  and  i*j-  of  a 
pound  lower  at  80  miles  than  the  resistance  for  corresponding  speed  of 
the  heavier  trains.  The  regularity  of  this  variation  suggests  the  prob- 
ability that  it  is  due  to  some  constant  cause.  In  correcting  for  accelera- 
tion and  retardation,  the  motion  of  translation  only  was  considered, 
and  on  account  of  the  regularity  of  the  above-mentioned  variation,  it  was 
deemed  advisable  to  compute  one  series  of  results  in  which  one  correction 
was  made  for  the  acceleration  of  the  car  bodies  and  trucks,  and  a  separate 
correction  was  made  for  the  force  necessary  to  overcome  the  momentum 
of  the  car  and  locomotive  wheels  and  axles. 

"The  results  were  practically  unaffected  by  this  correction,  and  it 
was  not  considered  necessary  to  make  a  similar  correction  for  any  of  the 
other  tests. 
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"General  applicability  is  not  claimed  for  this  formula,  but  subsequent 
tests  with  varying  train  weights  on  a  number  of  different  roads  have 
amply  confirmed  the  formula  at  speeds  above  45  miles  per  hour  and 
within  the  limits  of  train  weights  generally  encountered  in  American 
high-speed  passenger  services."  * 

Your  Committee  has  been  able  to  secure  additional  information  to 
the  efifect  that  about  5,000  observations  were  made,  that  the  variation 
from  the  formula  was  not  large,  that  the  speeds  varied  altogether  from 
about  35  to  80  miles  per  hour,  mostly  40  to  70  miles,  and  that,  un- 
fortunately, the  records  and  diagrams  of  the  experiments  were  lost  in 
moving  a  few  years  ago.  The  purpose  of  the  experiments  was  to  aid 
in  the  design  of  engines,  and  results  in  this  direction  were  satisfactory; 
engines  designed  with  small  margin  made  good.  It  appears  that  the 
well-known  thoroughness  characterizing  this  company's  work,  the  ex- 
ceptionally favorable  line  available  for  the  experiments,  and  the  large 
number  of  observations,  make  this  series  of  experiments  the  best  guide 
available  at  present  for  trains  of  about  the  weight  used,  for  the  speed 
limits  given  and  for  first-class  track,  such  as  must  have  been  used  for 
the  fast  trains  regularly  running  over  the  line  experimented  on.  It  is 
quite  possible  that  the  formula  may  give  good  results  at  low  speeds, 
but  there  is  no  propriety  in  using  it  for  freight  trains  at  moderate  speeds, 
as  the  experiments  covered  neither  low  speeds  nor  heavy  freight  trains. 
It  would  seem  reasonable  that  the  average  resistance  at  low  speeds 
with  heavy  trains  ought  to  be  very  low,  probably  lower  than  shown  by 
any  of  the  formulas. 

Henderson,  in  a  paper  before  the  "Engineer's  Club  of  Philadelphia," 
1888,  p.  50,  describes  the  method  adopted  for  finding  his  earlier  formula 
for  train  resistance.     In  this  paper  Fig.  8  is  referred  to.     He  writes : 

"The  resistance  can  be  computed  in  the  following  manner,  first  con- 
sidering the  train. 

"There  is  a  resistance  due  to  friction  of  the  journals,  pressure  of 
wind,  etc.,  which  increases  with  the  speed.  Most  of  the  experiments 
made  with  a  view  of  determining  the  resistance  of  trains  have  been 
with  European  rolling  stock  and  on  European  railways.  The  few  trials 
that  have  been  made  here  seem  to  prove  that  with  American  systems  this 
resistance  is  less.  In  determining  the  proper  (?)  values  I  proceeded 
as  follows : 

"In  Fig.  8  a — b  is  the  curve  of  values  deduced  from  foreign  experi- 
ments, the  abscissae  representing  speeds  in  miles  per  hour,  and  the 
ordinates  resistances  in  pounds  per  ton, of  weight  of  train.  Our  own 
experiments    (those  on  the  P.  R.  R.)   were  made  principally  at  a  speed 
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cf  15  miles  an  hour,  and  gave  a  resistance  i — k."  (This  is  4  lbs.)  "If 
we  assume  our  resistances  to  be  proportional  to  a — b,  as  i — k  is  to  i — 1, 
we  get  the  curve  e — f.  But  in  order  to  be  on  the  safe  side,  and  to  allow 
for  not  having  direct  experiments  at  various  speeds,  the  curve  c — d  was 
drawn,  which  is  less  than  a — b  by  the  constant  quality  k — 1,  and  a  new 
curve  g — h,  constructed,  which  is  the  mean  of  c — d  and  e — f.  This 
curve  is  a  parabola  whose  parameter  is  217,  and  whose  apex  is  distant 
from  the  origin  by  3,  its  axis  coinciding  with  the  zero  ordinate  of  speed. 

V 
Its  equation  is  r  =  3  -| ." 

217 

liENDE-KSON 

i8sa 


Fig.    8. 


Apparently  Henderson  was  in  doubt,  and  with  reason  it  would  seem, 
whether  his  line  of  formula  should  take  a  position  proportional  to  a — b 
or  a  position  at  a  uniform  distance  below  a — b.  He  adopted  the  not  un- 
reasonable expedient  of  taking  the  mean  which  came  at  a  considerable 
distance  from  either.  Present  experience  tends  to  show  that  the  choice 
of  the  lower  line  would  have  given  results  more  in  harmony  with  what 
later  results  indicate  to  be  true. 
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Henderson,  later,  in  his  "Locomotive  Operation,"  1903,  p.  258,  ad- 
vances a  new  formula,  based  somewhat  on  the  "Engineering  News 
Formula,"   but   taking   into   account   the   loading   of   the   cars 

V  —  12         50  n 

T  =  3-5+ ^  + 

4  t 

this  becomes 

son 
r  =  0.5  +  0.25  V  H . 


t 
The   references    from    Henderson   are   made   with   his   permission. 

Among    the    best    known    American     formulas     are    the    series    of 
Wellington's   Economic   Theory  of   Railway   Location,   p.    525 : 

0.57  V 

Loaded  flat  cars   r  =  3.9  -j-  0.0065  V''  + 

t 

0.64  V 

Loaded  box  cars    r  =  3.9  +  0.0075  V*  -| 


t 
0.57  V' 
Empty   flat   cars    r  =  6.0  +  0.0083  V°  -| 


t 

0.64  V 

Empty   box    cars    r  =  6.0  +  0.0106  V^  + 


t 
The  basis  for  these  is  found  in  the  "Transactions  of  the  American 
Society  of  Civil  Engineers,"  1879,  p.  21.  These  formulas  were  the  result 
of  some  tests  upon  freight  cars  and  some  passenger  cars,  in  1878. 
Most  of  the  tests  on  freight  cars  were  upon  five-car  trains,  but  sep- 
arate tests  were  made  upon  empty  cars,  upon  loaded  cars,  upon  box 
cars,  and  upon  flat  cars.  There  were  also  some  tests  on  passenger 
cars : 

"The  mode  of  test  was  by  what  may  be  termed  the  'drop  test' ;  start- 
ing cars  from  a  state  of  rest  down  a  known  grade,  and  deducing 
the  resistances  from  the  velocity  acquired.  The  principle  of  this  method 
has  often  been  emplo3^ed  before,  sometimes  merely  to  determine  com- 
parative resistances,  without  attempting  to  measure  their  absolute 
amount,  and  sometimes  to  determine  a  single  average  resistance  from 
the  average  velocity  for  the  whole  descent.  In  the  present  tests,  it 
was  attempted,  with  entire  success,  to  extend  this  method  to  the 
determination  of  a  series  of  successive  resistances  at  successive  points 
(eleven  in  most  cases)  in  the  path  of  the  vehicles,  during  which  their 
velocity  varied   from   0   to   30   miles   per   hour.     Great   accuracy   in   time 
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observations  was  necessary  for  this  purpose,  which  was  fully  secured 
by  the  aid  of  electricity,  so  fully,  in  fact,  that  the  margin  for  error 
in  the  latter  half  of  the  experiments  is  hardly  more  than  yV  lb.  per 
ton.  It  must  be  added,  however,  that  about  half  the  tests  were  made 
before  the  apparatus  was  fully  perfected,  and  are,  hence,  less  minutely 
accurate,  but  the  maximum  errors  in  these  latter  can  hardly  exceed 
J/2-lb.  per  ton  in  any  case,  as  will  be  evident  from  the  record  plates, 
and  all  errors  of  any  kind,  in  this  mode  of  test,  are  necessarily  com- 
pensatory, any  excess  in  one  resistance  causing  a  corresponding  de- 
ficiency  in   the   succeeding   one,   and   vice   versa. 

"It  is  believed  that  equal  accuracy  is  imattainable  by  any  other 
mode  of  test,  since  it  is  plain  that  every  step  in  this  process  is  free 
from  any  sensible  source  of  error,  other  than  carelessness.  The  accel- 
erating force  (gravity)  is  uniformly  applied,  and  exactly  known  from 
formulae,  without  measurement.  This  force  is  necessarily  all  consumed, 
(i)  in  overcoming  the  resistances  to  be  measured,  or  (2)  in  com- 
municating velocity.  The  amount  of  force  represented  by  a  given 
velocity  is  known  by  formula,  without  measurement,  and  the  velocity 
itself  is  exactly  recorded  by  electricity,  beside  a  synchronous  record  of 
seconds,  from  which  intervals  of  time  may  be  easily  read  off  to  2V  second. 

"The  piece  of  track  selected  for  the  tests  was  6,400  leet  long,  on 
one  of  the  main  tracks  of  the  L.  S.  &  M.  S.  Ry.,  about  4  miles  west 
of  Cleveland,  and  on  an  average  grade  (from  which  the  variations 
were  very  slight)  of  about  0.7  per  station,  equal  to  36.5  feet  per 
mile,  or  to  an  accelerating  force  of  14  lbs.  per  ton.  In  the  middle 
of  this  distance  was  a  1°  curve  (5,730  feet  radius),  3,000  feet  long. 
The  rails  were  iron,  60  lbs.  per  yard,  and  the  track  was  well  ballasted 
and  in  good  line  and  surface,  but  not  strictly  first-class.  Levels  were 
carefully  taken  on  each  rail  at  each  100  feet  station,  and  the  differences 
of  elevation  are  for  the  center  line  of  the  track.  The  elevation  of  the 
curve   varied    from  3   to   4   inches. 

"Tests  were  made  on  six  different  days  during  the  summer,  the 
average  temperature  being  75°  (varying  from  69°  to  82°),  and  the 
average  velocity  of  the  wind,  according  to  the  records  of  the  Signal 
Service,  about  8  miles  per  hour.  The  test-track,  however,  was  mostly 
in  a  long  cut,  and  well  sheltered  by  trees,  and  in  no  one  of  the  tests, 
excepting  four  or  five,  which  have  been  thrown  out  on  that  account, 
was   there   any   wind    perceptible   to    the    senses    at   the    starting   point. 

"To  generalize  the  results  of  the  experiments,  eacfi  test  or  set 
of  tests,  as  recorded  on  the  record  diagrams,  was  first  formulated  as 
follows :  It  was  assumed — following  after  D.  K.  Clark,  and  most 
modern  authorities — that  the  equation  of  resistance  has  the  form 
R  =  bV  +  a. 

"Resistance  at  Starting. — An  object  especially  held  in  view  in 
beginning  these  experiments,  was  to  determine  how  great  was  the 
additional  friction  in  starting  trains,  which  is  well  known  to  exist, 
and    how    long    it    continues    after    getting    under    way.     It    has    proved 
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to    be    unexpectedly    great,    amounting,    in    most    cases,    at    the    instant 
of   starting,   to    four   or   five   times    the   normal    friction   in   motion. 

"The  grade  at  the  point  of  starting  was  equivalent  to  an  accel- 
erating force  of  14  lbs.  per  ton.  Nevertheless,  it  was  necessary  in 
almost  every  instance,  to  use  the  full  force  of  two  to  six  men  to 
start  one  or  two  cars  after  they  had  been  standing  from  two  to 
ten  minutes.  Estimating  the  pushing  force  per  man  at  100  lbs., 
this  is  equivalent  to  from  5  to  15  lbs.,  per  ton,  in  addition  to  the  14 
lbs.  due  to  gravity  as  the  power  required  at  the  instant  of  starting, 
after  a  short  stop.  The  lowest  initial  resistance  observed  in  any 
of  the  tests  was  that  the  cars  would  start  off  by  a  little  persuasion 
such  as  jarring  them  more  or  less,  without  the  application  of  appre- 
ciable force.  In  other  cases,  however,  it  was  impossible  to  start  the 
cars  at  all  without  'pinching'  under  the  wheels  with  a  bar,  or  even 
touching  them  with  an  engine.  When  the  stop  was  merely  instanta- 
neous (in  fact,  probably  not  a  full  stop  at  all),  the  initial  resistance 
was  very  much  less,  and  the  very  great  increase  of  resistance  appears 
to  be  almost  wholly  instantaneous,  and  hence  consumes  an  inappre- 
ciable number  of  foot-pounds. 

"summary. 

"We  may  summarize  the  various  conclusions  reached  in  the  fol- 
lowing : 

"(i)  The  axle  and  rolling  friction  of  empty  freight  cars  may  be 
taken  as  6  lbs.  per  ton  of  2,000  lbs.  The  axle  and  rolling  friction  of 
coaches  and  loaded  freight  cars  may  be  taken  as  4  lbs.  per  ton.  The 
fluctuations  from  these  limits  are  small,  rarely  exceeding  i  lb.  per  ton 
in  single  cars,  or  54  to  H-lb.  per  ton  in  a  train. 

"(2)  The  initial  resistance  at  the  instant  of  starting  is  several 
times  greater  than  this,  and  greater  for  loaded  than  for  empty  cars, 
being  at  least  18  lbs.  per  ton  for  loaded  cars,  and  14  lbs.  per  ton  for 
empty  cars,  as  an  average,  but  fluctuating  considerably.  Its  amount 
probably   varies   with    the    length    of   stop,    according   to    unknown   laws. 

"(3)  Most  of  this  initial  resistance  is  almost  wholly  instanta- 
neous, and  consumes  little  power.  Enough  of  it  still  remains,  however, 
to  increase  the  normal  axle  friction  in  the  first  few  car  lengths  by 
at  least   2   lbs.   per   ton. 

"(4)  The  air  resistance  against  such  a  surface  as  the  end  of  a 
box  car  (about  80  square  feet)  is  less  than  1  lb.  per  square  foot  at 
a  velocity  of  10  miles  per  hour,  and  (presumably)  increases  as  the 
square  of  the  velocity.  The  current  estimates  of  this  resistance  (H 
to  I  lb.  per  square  foot)  are  erroneous  by  from  250  to  500  per  cent 
wlien    applied    to    surfaces    of    that    size. 

"(5)  About  two-thirds  of  the  velocity  resistance  proper,  excludinp, 
the  normal  axle  friction,  is  due  to  oscillation  and  concussion.  The 
resistance  due  to  this  latter  cause  alone  may  be  estimated  at  V2  lb. 
per  ton  at  a  velocity  of  10  miles  per  hour,  varying  as  the  square  of 
the  velocity." 
14 
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Fig.  9  shows  a  copy  of  the  two  diagrams  of  Wellington  which 
record  the  experiments  on  5  loaded  box  cars  and  on  5  empty  box  cars. 
There  were  similar  diagrams  for  flat. cars  and  some  for  passenger  cars. 

It  appears  that  although  the  experiments  were  made  upon  trains 
of  five  cars  without  engines,  the  formulas  are  extended  in  Wellington's 
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Fig.    9. 

"Economic    Theory    of    Railway    Location,"    p.    525,    to    apply    to    trains 
of  40  loaded  cars,  800  tons,  or  50  empty  cars,  450  tons,   as   follows: 

40  loaded  cars  r  =  3.9  +  0.00717  V  (fiat  cars) 
(800  tons)  r  =  3.9  +  0.00824  V- (boxcars), 
and  similarly  for  20  and  30  loaded  cars.  He  also  states  that  the 
formulas  for  loaded  cars  apply  also  to  equal  weight  of  passenger  cars, 
but  does  not  state  in  the  table  whether  he  expects  his  readers  to  use 
the  formula  for  box  cars  or  for  flat  cars  when  they  apply  it  to 
passenger    cars. 

It  should  be  clearly  understood  that  the  method  of  test  was  the 
drop  test,  which  has  frequently  been  criticized  unfavorably;  that  a 
further  complication  existed  in  the  fact  that  the  tests  were  made  on 
a  curve,  an  unfortunate  feature  surely  in  a  drop  test;  that  all  of  the 
figures  for  the  higher  speeds,  up  to  26  miles,  were  either  upon  the 
curve  or  so  little  beyond  it  that  the  trucks  might  easily  have  failed 
to  straighten  out;  and  that  the  tests  were  upon  short  trains.  The 
results,  as  now  seem  unavoidable,  were  large,  the  Wellington  line 
being   very    high    on    either    Fig.    i    or    Fig.    2. 
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If  we  accept  the  proposition  that  experiments  are  of  very  uncer- 
tain vahie  beyond  the  limits  of  the  experiment,  the  formula  becomes  of 
little  value,  as  no  one  is  now  interested  in  five-car  trains.  As  a  guide 
to  the  resistances  for  1.500  to  2.500  ton  freight  trains,  these  formulas 
can  have  no  value.  The  track  in  1878  was  iron,  not  in  first-class  condi- 
tion, and  undoubtedly  gave  far  larger  resistances  than  first-class  track 
to-day. 


Wellington,  in  1886,  conducted  some  tests  on  train  resistance  in 
connection  with  the  Burlington  Brake  Tests;  Fig.  10  shows  how  great 
a  variation  there  was  between  the  tests.  The  full  lines  show  the  re- 
sistances on  the  tangent,  the  dotted  lines,  the  resistances  on  the  curves 
with  the  curve  resistance  subtracted,  the  dotted  lines  thus  showing 
the  estimated  level  tangent  resistance.  The  diagram  well  illustrates 
the  variations  between  different  cars,  and  differences  in  conditions  other- 
wise, some  of  the  differences  not  being  discoverable  except  by  results. 
The  tests  here  were  drop  tests  on  trains  of  from  260  to  345  tons  weight 
over  about  4   miles   of  track,   a   single   run  to   each   train.     At  25   miles 
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per  hour  the  variation  was  from  a  minimum  of  4%.  lbs.  to  a  maximum  of 
about  9  lbs.     The  trains  were  of  25  box  cars  with  12  loads. 

Wellington  also,  in  1887,  made  .some  similar  experiments  in  con- 
nection with  the  Burlington  Brake  Tests,  to  determine  the  amount  of 
train  resistance.  The  trains  were  of  about  50  empty  cars,  weighing 
700  to  800  tons;  with-  an  engine  weighing  40  tons.  These  tests  also 
were  drop  tests  and  showed  variations  from  5.87  lbs.  at  15  miles,  to 
7.51  at  iil^  miles.  One  train  showed  a  resistance  of  12  lbs.  due  to 
dragging  brake  shoes,  but  this  should  not  be  used  in  a  comparison,  al- 
though  such    cars   are   sometimes    found    in  trains. 

Neither  of  these  tests  seems  important  in  fixing  upon  the  shape  of 
a  formula  for  train  resistance. 

Some  experiments  made  upon  mining  cars  by  Norris,  are  described 
in    "Engineering    News,"    1903,    p.    57. 

"the  resistance  to   traction   of   small   mine  cars. 

"There  is  a  great  array  of  published  matter  relative  to  the  fric- 
tional  or  tractive  resistance  of  large  cars  on  modern  standard  gage  rail- 
way tracks;  but  very  little  is  to  be  found  as  to  the  rolling  resistance 
of  small  cars  on  narrow  gage  tracks,  such  as  are  used  in  mines  or  by 
contractors  in  earth   and   rock  work. 

"It  is  evident  that  a  greater  diameter  compared  with  the  journal 
gives  a  greater  leverage  in  overcoming  axle  friction,  and  it  is  also 
evident  that  a  greater  diameter  gives  a  greater  leverage  in  overcoming 
slight  irregularities  on  the  rail  surface.  What  an  important  element  this 
journal  friction  is  in  small  cars  will  be  seen  from  the  results  of  tests 
about  to*  be  given.  Mr.  R.  Van  A.  Norris,  E.  M.,  Asst.  Engr.  Susque- 
hanna Coal  Co.,  some  years  ago  made  a  very  exhaustive  series  of  tests 
(989)  on  the  resistance  of  coal  mine  cars.  Two  styles  of  car  axles  were 
used,  one  old  style,  and  the  other  new  style. 


"As  a  summary  of  the  tests  we  have  the   following : 


Lbs.  per  ton 
of  2,000  lbs. 


To  start  one  old  style  car  loaded 90 

To  start  one  new  style  car  loaded 47 

To   start   one    old   style   car   empty 77 

To  start  one  new  style  car  empty 49 

To  pull  one  old  style  car  loaded  at  ^  mile  hr 52 

To  pull  one  new   style  car  loaded  at   54   mile  hr 32^2 

To  pull  one  old  style  car  empty  at  %  mile  hr 5^ 
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To  pull  one  new  style  car  empty  at  %  mile  hr ^:i 

To  pull  one  to  four  old  style  cars  loaded  4I/2  miles  hr 66 

To  pull  one  to  four  new  style  cars  loaded  4V2  miles  hr 38 

To  pull  one  to  four  old  style  cars  empty  45^  miles  hr 56 

To  pull  one  to  four  new  style  cars  eitipty  45^  miles  hr 30 

To  pull  20  old  style  cars  loaded  45/2  miles  hr 26 

To  pull  20  old  style  cars  empty  4V2  miles  hr 42 

"One  of  the  most  striking  features  of  this  summary  of  tests  is 
that  the  resistance  per  ton  of  a  train  of  20  loaded  cars  (old  style)  is 
26  lbs.  per  ton,  as  compared  with  66  lbs.  per  ton  for  a  i  to  4  car 
train.  This  brings  out  a  fact  that  we  have  never  seen  mentioned  as 
being  of  importance  in  tests  of  this  character  namely,  the  lower  per 
ton  resistance  of  a  long  train  of  mine  cars  as  compared  with  a  single 
car.  In  the  ordinary  so-called  level  mine  track  there  are  numerous 
waves  forming  up  and  down  grades ;  and  in  a  long  train  of  cars  some 
are  coasting  down  these  waves,  while  others  are  ascending,  so  that 
those  going  down  are  pushing  those  going  up  hill,  consequently  re- 
ducing the  pull  on  the  locomotive  draw  bar. 

"Another,  and  perhaps  more  important  factor,  may  enter  to  reduce 
the  per-ton  resistance  of  a  long  train;  and  that  is,  the  action  of  the 
forward  cars  in  cleaning  the  track.  Fragments  of  coal  and  rock  fall 
upon  the  track,  and  these  the  first  few  cars  must  crush,  but  the  jarring 
of  these  forward  cars  may,  in  large  measure,  cause  this  powdered  ma- 
terial to  fall  off  the  rails." 

While  the  actual  amount  of  resistance  per  ton  of  these  cars  is 
not  of  interest  here,  the  difference  in  resistance  between  4-car  trains  and 
20-car  trains  is  much  in  point,  especially  in  connection  with  the  Welling- 
ton formulas.  These  experiments  on  mining  cars  suggest  the  idea  that 
there  may  be  several  elements  not  fully  appreciated,  which  tend  to 
make  the  resistances  on  long  and  heavy  trains  small,  and  that  at- 
mospheric resistance  and  journal  resistance  are  not  the  only  points  of 
importance    in    this    connection. 

Among  the  formulas  that  have  attracted  considerable  attention  in 
this  country  is  that  of  John  Lundie,  which  takes  the   shape  of 

14 

^4+vr 
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This  was  published  in  the  "Street  Railway  Journal,"  1899,  p.  143..  and 
at  that  time  occasioned  considerable  discussion  among  the  street  rail- 
way men.  It  has  not,  so  far  as  we  know,  been  used  largely  by  the 
steam  railways.  The  tests  were  made  on  the  Metropolitan  West  Side 
Railway  in  Chicago.  The  method  used  was  the  drop  test,  which  has 
already   been    criticized    as   tending   to   give    large    results.      The   peculiar 
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conditions  accompanying  these  tests  seem  to  be  these ;  that  the  elevated 
rolling  stock  was  necessarily  light,  because  light  rolling  stock  is  a 
necessity  upon  elevated  lines.  This  fact  would  tend  to  large  resistances. 
On  the  other  side,  the  ties  were  rigidly  supported,  so  that  there  was 
no  opportunity  for  any  deflection  under  the  tie,  which  is  likely  to  occur 
under  the  heavy  loads  carried  on  most  of  our  railways ;  a  deflection 
which  has  been  brought  to  the  attention  of  railroad  people  by  Mr. 
P.  H.  Dudley  in  connection  with  the  use  of  his  stremmatograph.  The 
conditions  of  Lundie's  experiments  are  so  far  different  from  those  ordi- 
narily prevailing,  that  there  is  no  reason  why  his  formula  should  have 
very  extensive  application.  From  Fig.  ii,  which  accompanies  Lundie's 
paper,  it  appears  that  the  dots  which  show  average  resistances  at  vari- 
ous speeds,  do  not  lie  in  a  straight  line,  and  it  appears  that  they  do 
not  indicate  very  clearly  what  shape  a  formula  should  take.  Although 
Lundie,  at  first,  thought  his  formula  would  be  of  very  general  applica- 
tion, he  has  since  seen  fit  to  modify  it  to  the  shape  of 

4.8  V 

r  =  4  +  0.24  V  H 

t 

The  range  of  his  experiments  is  from  4  to  26  miles  only. 

At  present  the  street  railway  and  the  interurban  railway  people 
are  displaying  much  interest  in  train  resistance,  and  are  producing  a 
number  of  new  formulas.  Nearly  all  of  these  yield  high  resistances. 
It  would  seem  that  this  is  a  logical  conclusion.  The  trains  are  mostly 
light,  and  the  speeds  high,  conditions  where  the  resistance  in  pounds 
per  ton  is  naturally  large.  Such  formulas  are  undoubtedly  of  value  to 
those  engaged  in  that  work;  they  should  not  be  used  to  fix  the  amount 
of  resistance  for  heavy  freight  trains,  which  is  what  this  Committee 
must  look  to,  mainly,  in  the  problems  it  has  to  solve. 

Dodd,  in  the  "Street  Railway  Journal,"  September,  1898,  p.  545, 
recites  certain  experiments,  about  which  he  says : 

"For  sake  of  comparison,  I  have  collected  the  results  of  aboul 
twenty  observations  which  I  consider  the  most  trustworthy  I  have 
been  able  to  get.  These  observations  have  all  been  made  on  interurban 
cars  running  on  T-rails  over  a  level  track  at  a  uniform  speed. 

"I  do  not  propose  to  base  a  formula  on  the  results  of  about 
twenty  experiments,  but,  as  I  have  said,  these  observations  are  t4ie 
most  trustworthy  that  I  have  been  able  to  collect,  and  it  may  be  of 
interest  to  try  and  find  a  formula  which  shall  combine  their  results 
more   nearly   than    those   that   have   been   already   proposed.     By   plotting 
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these   results,    I    have    decided   on   the    following   formula    as    expressing, 
as   nearlj'   as   possible,    the   results   of   these   observations : 

"For  a  single  motor  car  weighing  e  tons,  pulling  trailers  weighing 
t  tons,  the  resistance  due  to  the  motor  car  is  (18  +  0.2V)  e,  and  that 
due  to  the  trailers  is  (7  +  0.2  V)  t." 

By   this   he   means    r  =  7  +  0.2  V    for   cars   behind   the   motor. 

"In  conclusion  to  this  part  of  the  subject,  I  would  say  that  as 
far  as  my  own  observations  go,  for  ordinary  interurban  cars  running 
on  straight  and  level  T-rails  with  roadbed  of  modern  construction, 
the  formula  (18 +  0.2  V)  e  +  (7  +  0.2  V)  t  expresses  very  fairly  the 
train  resistance  between  twenty-five  and  fifty  miles  per  hour,  and  while 
I  do  not  mean  to  say  these  experiments  are  exhaustive,  I  hope  this 
statement  may  be  of  assistance  to  other  observers  in  collecting  and 
stating    the    results    of    their    observations." 

Two  points  are  of  special  interest  in  this  paper.  First,  Dodd's 
claim  that  his  formula  represents  only  these  experiments  and  that 
he  does  not  claim  general  application.  Second,  even  for  these  light 
trains  of  20  to  95  tons  at  speeds  from  25  to  50  miles,  a  straight  line 
formula,  r  =  7  +  0.2  V,  seems  to  apply ;  that  is,  no  term  containing  V 
appears. 

Another  electrical  engineer.  Blood,  in  the  "American  Society  of 
Mechanical  Engineers,"  XXIV,  1903,  p.  947,  tries  to  produce  a  rational 
formula,    which    takes    the    form : 

0.30  V^  •' 

r  =  4  +  0.15  V  H 

t 

It  is  doubtful  whether  the  exponent  1.8  leads  to  better  results  than 
an  exponent  of  2,  which  is  much  simpler.  All  formulas  are  more  or 
less    empirical. 

It  may  be  well  to  make  a  special  note  in  relation  to  some  of  the 
formulas  which  have  been  given.  In  many  cases  our  information  is 
restricted  and  does  not  extend  beyond  the  shape  of  the  formula. 
Oftentimes,  the  formula  is  quoted  in  one  work  and  no  information  is 
given  in  relation  to  it,  and  yet  it  is  worth  while  to  have  the  formula 
as  additional  information.  In  other  cases  we  know  considerable  of 
what   has   been   done. 

The  experiments  made  by  Vuillemin,  Guebhard  and  Diedomne  were 
made  with  great  care,  from  1862  to  1867,  and  the  writers  of  the  paper 
in  which  these  formulas  were  given,  received  a  prize  especially  devoted 
to  research  upon  train  resistance.  It  is  interesting  to  note  that  for 
freight    trains    at    speeds    up    to    20    miles    an    hour    they    neglected    the 
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term  for  atmospheric  resistance ;  that  for  passenger  trains  at  higher 
speeds  they  used  an  atmospheric  term,  but  with  increasing  speeds 
they  gave  decreasing  coefficients,  an  indication  that  they  found  that 
the  variation   was   not  quite  that  of  the  square. 

There  was  one  formula  quoted  as  that  of  Welkner  in  the  shape  of 

R  =  7  -\ in  metric  units,  in  which  M  =  geographic  miles  per  hour. 

10 
The   results   are   so   unusual    and   apparently   incorrect   that   this    formula 
is    not   included    in   the    list   given.     Another   formula   also    attributed   to 
Welkner   does   appear   in   the   list. 

Another  formula,  that  of  Von  Rockl,  was  R  ^  0.0025 -j- 0.OCO0002 1  V. 
This  has  the  form  of  natural  fractions,  and  multiplied  by  2,000  lbs.  the 
first  term  becomes  5  lbs.  The  term  containing  V  gives  such  unusual 
results  that  it  seems  as  if  there  must  be  some  mistake  in  this  formula 
also,  so  that  this  is  not  scheduled  with  the  others. 

One  formula  often  attributed  to  Laboriette  seems  to  be  a  formula 
devised  by   Barbier,   but   based   upon   Laboriette's    experiments. 

Searles'  formula  of  about  1880  gives,  in  general,  such  large  re- 
sults, and  its  form  is  so  inconvenient,  that  it  has,  probably,  had  ver>' 
little  use,  and  it  seems  unnecessary  to  devote  much  attention  to  it  here. 

V^ 

The   formula  of  Forney,   r  ^  4  -J ,   seems  to  be  entirely  in  har- 

171 
mony   with   a   diagram  given   in    Scribner's    ^Magazine,    although    it    does 
not  there  appear  that  Forney  used  this  formula,  and  it  is  quite  possible 
that    he    never    did    advance    this    formula    in    its    present    shape. 

Davis  made  his  experiments  on  electric  trains,  and  gives  a  series 
of  formulas  for  different  conditions.  One  of  these  formulas  is  to 
apply  to  heavy  freight  trains,  although  it  is  quite  certain  that  his 
experiments    could    not   justify   it. 

It  is  somewhat  interesting  to  note  that  the  shapes  of  Clayton's 
two  formulas  are  quite  different.  In  one  case,  with  oil  lubrication,  the 
variation  is  directly  with  the  speed;  with  grease  lubrication,  as  the 
square  of  the  speed.  These  formulas  are  quoted  from  Aspinall's  paper, 
but  no  reference  is  given,  and  it  is  quite  possible  that  there  are  other 
features  besides  the  element  of  lubrication  that  entered  into  the  con- 
sideration to  dictate  a  change  in  the  shape  of  the  formula. 

It  seems  that  errors  have  crept  into  compilations  of  formulas  upon 
train  resistance.  For  instance,  in  several  places  there  is  a  formula 
attributed   to   the  Baldwin  Locomotive  Works,   r=  1.5  + 0.2  V.     Inquiry 
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made  of  the  Baldwin  people  shows  that  this  is  not  a  Baldwin  Loco- 
motive formula ;  where  it  comes  from  seems  uncertain.  Through  the 
range  of  the  Baldwin  experiments  it  differs  hardly  more  than  a  pound 

V 

anywhere   from   the    results   given  by   the   Baldwin    formula,    r  ^  3  -|-  — . 

6 
Formula  r  =  1.5-)- 0.2  V  looks  not  unreasonable,  and  it  apparently 
would  give  satisfactory  results  at  low  speeds,  but  there  is  nothing 
shown    for   the    basis    upon    which    it   was    made. 

Another  formula  that  has  been  frequently  quoted  is  that  of 
Barnes,  r  =  4-[-o.i6V.  Diligent  search  has  failed  to  show  any  sat- 
isfactory original  source  for  this.  Reference  is  given  to  the  "Engi- 
neering Magazine,"  June,  1894,  where  the  resistances  are  given  at 
various   speeds   as   follows : 

Miles  per  hour 50  60  70  80  90  100 

Resistances   12.0  12.4  13.5  15.0  17.0  20.0 

Formula    12.0  13.6  15.2  16.8  18.4  20.0 

The  formula  given  is  a  straight  line  formula  which  fits  the  tabular 
resistances  at  50  and  the  resistance  at  100,  and  the  conclusion  seems 
justified  that  the  resistances  at  these  speeds  formed  the  basis  for  the 
formula.  At  intermediate  points  the  results  given  by  Barnes  and  by  the 
formula  fail  to  agree,  the  formula  resistances  being  as  shown  in  the 
third  line  of  the  table.  It  is  reasonably  certain  that  Barnes  did  not 
support  this  formula.  One  of  the  members  of  the  Committee  has 
some  personal  remembrance  that  Barnes  believed  that  the  resistance 
varied  neither  directly  as  V  nor  as  the  square  of  V,  but  somewhere 
between  the  two.  It  does  not  appear  that  any  formula  can  properly 
be  attributed  to  him.  It  does  not  appear  just  what  the  experiments 
of  Barnes  cover  in  the  way  of  resistance.  With  many  mechanical  engi- 
neers experiments  have  been  made  by  indicator,  and  this  would  include 
head  resistance  as  well  as  the  others.  It  is  not  certain,  however,  that 
that  was  the  case  with  these  experiments,  although  this  is  a  reasonable 
presumption. 

In  France  many  careful  experiments  have  been  made  upon  train 
resistance,  and  many  important  facts  brought  out.  Owing  to  the  dif- 
ference in  rolling  stock  especially,  and  no  doubt  in  track  also,  it  docs 
not  seem  necessary  or  desirable  to  give  direct  attention  to  very  many 
of  the  experiments  or  the  results.  The  following  translation,  or 
abstract,  appeared  in  the  "Railroad  Gazette,"  May  21,  1897,  p.  348, 
and  contains   consideral)le  of  interest   and   importance: 
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"But  as  M.  de  Laboriette  only  carried  on  his  experiments  at  the 
comparatively  low  speed  of  33  miles  an  hour  and  less,  and  as  he  used 
only  cars  with  a  rigid  wheel  base,  the  officers  of  the  Northern  Railroad 
undertook  to  obtain  the  resistance,  at  very  high  speeds,  of  passenger 
cars,  both  oi  the  ordinary  type  carried  on  four  wheels  and  on  bogie 
trucks.  The  trains  of  that  road  now  run  at  72  miles  an  hour  on  some 
down  grades. 

"The  work  of  securing  the  data  given  by  IM.  Barbier,  and  which  we 
here  summarize,  extended  over  a  period  of  four  years,  from  1891 
to  the  end  of  1895,  and  was  done  upon  a  large  number  of  trains, 
both  in  regular  and  special  service.  The  weight  of  these  trains  varied 
from  120  to  210  tons,  exclusive  of  the  engine  and  tender,  averaging 
about  160  tons,  which  is  equivalent  to  15  four-wheeled  cars.  The 
tests  were  conducted  at  all  seasons  of  the  year,  in  order  that  all  the 
conditions  of  regular  service  might  be  encountered ;  so  that  the  resist- 
ances obtained  may  be  regarded  as  representing  average  atmospheric 
conditions  and  an  ordinary  state  of  the  track.  Only  those  tractive 
resistances  are  considered  that  were  obtained  upon  a  straight  track 
with  a  uniform  profile,  and  at  speeds  that  were  practically  constant; 
this  was  done  in  order  to  remove  every  cause  of  uncertainty  that 
might  arise  from  allowances  made  for  curvature  and  acceleration." 

Mr.  Barbier  states  that  "the  observations  made  at  speeds  less  than 
36  miles,  and  at  from  69  to  72  miles  an  hour,  were  not  numerous 
enough  to  warrant  including  them  in  the  formula,  which  has,  there- 
fore, been  determined  for  speeds  coming  within  the  limits  of  36  and 
69  miles  an  hour.  The  readings  from  the  self-recording  dynamometer 
enabled  us  to  make  a  direct  determination  of  the  resistances  upon  the 
level  without  being  called  upon  to  make  any  correction  at  all  for 
gravity." 

"By  representing  the  speeds  by  the  abscissas,  and  the  resistance  per 
ton  of  train  hauled  by  the  ordinates,  we  obtain  a  curve  which  very  closely 
coincides  with  the  parabolic  equation,  i?  =  1.6 +  0.023  F  +  0.OC046  F'. 
Transforming  this,  r  ^  3.2  -f  0.077  V  -f  0.0025  V^ 

"The  constant  1.6  (or  3.2)  represents  the  different  fixed  resistances 
of  the  cars,  such  as  friction  of  the  axles,  the  rolling  resistance  of 
the  tires  and  the  shocks,  whether  periodical  or  accidental,  between 
the  wheels  and  the  rails.  It  is  well  known  that,  from  a  mechanical 
standpoint,  these  shocks  occasion  a  certain  loss  of  power  and  that 
from  an  acoustic  point  of  view,  they  produce  harmonic  vibrations 
between  the  cars  and  the  track,  whose  frequency  and  amplitude  deter- 
mine  the  pitch   and   intensity   of   the   resultant   noise. 

"The  friction  of  the  journals  is  the  most  important  element  of 
these  fixed  resistances,  if  we  consider  that  the  tires  and  the  track 
are  in   good   condition. 

"The  influence  of  speed  upon  the  resistance  is  shown  in  the  last 
two  terms  of  the  equation ;  r  increases  rapidly  with  V  first  on  ac- 
count   of    the    action    of    the    air    upon'   the    cars;    it    is,    in    fact,    the 
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preponderating  factor  in  resistances  at  high  speeds,  and  requires  the 
introduction  into  the  formula  of  a  term  of  the  second  degree,  and 
secondly,  the  side  motion  which  the  lateral  reaction  of  the  track 
imposes  upon  the  cars,  the  importance  of  which  varies  with  the 
modification  which  the  tractive  effort  sustains,  other  things  being 
equal,  according  to  the  profile  and  consequently  with  the  best  speed ; 
so   that  the  term  of  the  first  degree  takes  this  element  into   account. 

"No  attention  was  paid  in  deducing  the  formula  to  the  composition 
of  the  train,  that  is  to  say,  to  the  number,  the  arrangement  and  the 
total  weight  of  the  cars.  Still,  with  the  same  weight  hauled,  the 
specific  resistance  falls  slightly  as  the  number  of  cars  is  increased ; 
furthermore,  if  the  bodies  have  a  cross-section  of  the  same  form 
and  dimensions,  the  value  of  r  per  ton  is  less  than  if  the  cars  differ 
from  each  other  and  are  grouped  in  a  haphazard  manner.  These 
various  considerations  are  of  value  in  the  case  of  freight  trains,  but 
for  express  passenger  trains,  where  all  of  the  cars  have  practically 
the  same  section,  and  where  the  number  of  cars  of  a  given  type  is 
almost  constant,  for  a  fixed  load,  the  influence  of  the  composition  of 
the  train  upon  the  resistance  per  ton  is  a  negligible  quantity.  Further- 
more, calculations  and  the  experiments  upon  the  Eastern  Railway  in 
1880  have  shown  that  on  varying  the  load  hauled,  which  is  the  main 
element  in  the  composition  of  the  train,  the  resistance  per  ton  under- 
goes such  slight  modifications  that  the  introduction  of  the  weight  of 
the  train  into  the  new  formula  would  not  be  justified. 

"For    practical    use    the    equation    can    be    transformed    and    changed 

into  a  simpler  form  as  follows:    7^  ^  1.6 -f  0.46  f"  I I,  or  sub- 


V     loco     / 

(V  +  30.8\ 
) 
1000     / 


stituting    English    equivalents,    it    becomes    r  ^  3.2  +  2 

"A  comparison  of  formulas  made  within  limits  that  are  not 
too  far  apart,  goes  to  show  that  for  the  same  speeds  the  resistance 
per  ton  of  freight  trains  is  a  little  less  than  for  passenger  trains 
composed    of    four-wheeled    cars. 

"This  anomaly  is  explained  by  the  fact  that  in  the  first  place,  the 
journals  of  freight  cars  are  smaller  than  of  passenger  cars,  so  that 
with  the  same  diameter  of  wheels  the  distances  traveled  by  the 
journals  is  29  per  cent,  greater  than  in  the  case  of  the  passenger  cars. 

"In  the  next  place  it  is  well  to  note  that  the  length  of  the 
freight  trains  used  by  M'.  de  Laboriette  was  more  than  twice  as 
great  as  that  of  the  passenger  trains  used  in  our  recent  experiments, 
and  that  they  were  drop-bottom  cars,  presenting  a  very  much  smaller 
surface  to  the  resistance  of  the  air  than  the  covered  cars.  It  is  for 
these  reasons  that  we  may  expect  to  find  the  specific  resistance  to  be 
less    in   freight   than   in    passenger   trains. 

"Resistance    Upon    Grades. — To    the   resistance   r   upon    the    level,   we 
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must  add,  algebraically,  that  due  to  gravity  upon  grades,  which  is 
equal  to  the  component  of  the  load  parallel  to  the  inclination  of  the 
track.  The  value  of  this  component  is  practically  equal  to  the  per- 
centage of  the  inclination  i,  so  that  the  theoretical  resistance  r^  upon 
a  grade  may  be  expressed  by  r'  =  r  -f-  i,  i  being  positive  for  an  up.  and 
negative  for  a  down  grade. 

"Direct  observation,  however,  has  shown  that  upon  an  up  grade, 
the  total  actual  resistance  r^  is  always  less  than  this  equation  would 
give,  while  upon  a  down  grade  it  is  always  more.  This  can  only  be 
explained  upon  the  supposition  that  the  weight  does  not  enter  into 
the  total  resistance  for  its  whole  value  as  indicated  by  the  profile. 
It  is,  therefore,  necessary  to  admit  that  the  tractive  power  works 
under  different  conditions,  according  to  the  nature  of  the  profile,  as 
shown  by  the  fall  in  the  allowance  to  be  made  for  gravity  when 
passing,  at  a  uniform  speed,  from  a  down  grade  upon  a  level,  and 
from  a  level  to  an  adverse  grade.  Upon  down  grades  the  tractive 
power  is  less ;  the  couplings  are  under  less  stress,  and  the  cars  are 
moving  more  independently ;  the  flanges  of  a  greater  number  of 
wheels  are  rubbing  against  the  rails,  which  perceptibly  increases  the 
resistance. 

"Our  observations,  taken  from  a  number  of  experiments,  have  led 
us  to  give  a  coefficient  less  than  unity  to  i,  which  takes  this  side 
play  and  the  shocks  into  account,  and  which  we  may  consider  to 
be,  in  round  numbers,  equal  to  0.9,  so  that  within  the  limit  of  grades 
of  from  —  0.50  to  +  0.50  in  106,  r^  will  be  given  by  the  equation 
r'  =  r  +  0.9  i. 

"The  term  r'  then  is  the  resistance  per  ton  hauled  upon  any  grade 
whatever ;  r  the  resistance  upon  a  level  at  the  same  speed ;  i  the  per- 
centage of  grade,  and  is  greater  or  less  than  zero  according  as  the 
grade    is    up    or    down. 

"In  order  to  compare  the  actual  resistance  cf  cars  upon  four- 
wheeled  bogies,  v.itii  the  ordinary  four-wheeled  cars  in  use  upon  the 
Northern  Railway,  M.  de  Bosquet,  the  engineer  of  rolling  stock  and 
motive  power,  made  some  dynamometer  experiments  in  June,  1895, 
with   the  cars   owned    by   the   International    Sleeping   Car   Company. 

"The  trains  were  composed  of  sleeping  cars  weighing  30  tons 
each,  having  a  total  weight,  exclusive  of  the  engine  and  tender,  of  206 
tons,   except  in   a   single  case,   where  it  was    175   tons. 

"Only  those  resistances  were  taken  into  account  which  were  ob- 
tained upon  a  straight  track  with  a  uniform  profile  and  a  constant 
speed. 

"The  results  of  the  observations,  which  came  within  the  range 
of  from  36  to  69  miles  an  hour,  are  plotted  in  the  curve  of  the 
diagram,  which  can  be  considered  as  a  parabola;  the  speeds  being 
given  by  the  abscissas  and  the  resistances  by  the  ordinates. 
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"The    equation    for    this    curve,    when    put    in    the    same    shape    for 

F— io\ 

practical  use  is  :     R^  =  1.6  +  0.456  V    ) 

1000  / 

"Transposing  this  :    r  =  3.2  4-  2.5  V    (  — ^t_: —  ) 

V       loco      ^ 

The  result  seems  to  show  that  the  bogie  trucks,  so-called,  which 
are  characteristic  of  American  trains,  lead  to  lower  resistances. 

The  experiments  which  are  probably  the  most  complete  in  detail 
of  any  yet  made,  certainly  in  very  recent  times,  are  those  of  Aspinall 
in  England,  recorded  in  the  "Proceedings  of  the  Institution  of  Civil 
Engineers,"   1901,  CXLVII,  p.   155.     Aspinall  writes : 

"train    resistance. 

"As  there  are  no  published  records  of  modern  experiments  on  the 
resistance  of  trains  on  English  railways,  the  Author  considers  that 
it  may  be  of  interest  to  give  an  account  of  a  number  of  experiments 
made  on  the  Lancashire  &  Yorkshire  Railway  with  modern  rolling 
stock,  in  which  care  was  taken  to  record  as  far  as  possible  all  the 
conditions  under  which  the  experiments  took  place,  with  illustrations 
of  those  parts  of  the  rolling  stock  which  really  affect  the  question 
of    haulage. 

"A  lengthy  series  of  experiments  was  made  in  1898-99,  and  they 
were  very  carefully  recorded ;  but  the  general  result  was  such  as  to 
induce  the  Author  to  repeat  them,  making  such  improvements  in  th'? 
recording-apparatus  as  were  found  to  be  necessary,  and  arranging  for 
much  more  elaborate  records  of  the  wind-pressure  to  be  taken,  as  the 
wind  was   found  to  be  such  an  important  factor  in  the  final   result. 

"The  experiments  recorded  in  this  paper  were  carried  out  be- 
tween June,  1899,  and  January,  1900,  an  attempt  being  made  to  deter- 
mine accurately  both  the  velocity  and  the  direction  of  the  wind  in 
each    experiment. 

"vehicles     experimented    with. 

"It  was  thought  advisable  to  make  all  the  experiments  with  a 
train  of  bogie  coaches  fitted  with  oil  axle-boxes,  this  being  the  most 
modern  type  of  coach.  The  majority  of  the  experiments  were  carried 
out  with  a  special  train  composed  of  five  oil-lubricated  bogie  coaches 
and  the  grease-lubricated  dynamometer  car,  being  altogether  284  feet 
ID  inches  long  over  bodies ;  this  was  taken  as  representative  of  aver- 
age express   trains   on   the   Lancashire   &   Yorkshire    Railway. 

"Nearly  all  the  tractive  effort  experiments  at  speeds  between  5 
miles  and  50  miles  per  hour  were  carried  out  between  Burscough 
Bridge  and  St.  Luke's  Road,  Southport.  This  line  was  chosen  owing 
to  its  being  straight  throughout,  with  easy  gradients,  the  surrounding 
country  being  flat  and  open. 
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"For  speeds  above  50  miles  per  hour,  runs  were  made  between 
Wigan  and  Southport,  Southport  and  Liverpool,  and  Burscough  Bridge 
and  Lostock  Hall.  Coasting  experiments  were  made  between  Kew 
Gardens  and  Hillhouse  on  the  West  Lancashire  section  of  the  Lan- 
cashire &  Yorkshire  Railway,  and  between  St.  Luke's  Road,  Southport, 
and  Burscough  Bridge.  These  experiments  were  made  to  ascertain 
if  the  results  obtained  by  this  method  agreed  with  those  obtained 
with  the  dynamometer  cars,  and  particularly  to  ascertain  the  re- 
sistance at  low  speeds. 

"In  several  instances  the  resistance  is  greater  on  a  falling 
gradient,  or  on  a  level,  than  on  a  rising  gradient,  at  the  same  speed 
and  with  the  same  velocity  of  wind,  although  in  most  cases  it  is 
the  reverse.  Variations  of  this  kind  cannot  always  be  accounted  for, 
as  there  are  so  many  disturbing  forces  in  train  resistance.  In  fact,  it 
makes  a  difference  to  the  oscillations  of  the  recording  pencil  in 
which  direction  the  natural  wind  is  blowing,  even  if  only  a  slight 
breeze.  It  is  obvious  that  on  passing  from  an  embankment  to  a 
cutting  on  a  windy  day  there  will  be  a  large  variation  in  the  wind- 
pressure,  and  consequently  in  the  pull  on  the  dynamometer.  If  such 
facts  could  be  quickly  ascertained  it  would  only  be  necessary  to 
make  a  few  runs  to  determine  'train  resistance';  'but  it  was  found 
that  only  the  mean  of  a  great  many  observations  can  give  any  idea 
as  to  how  the  resistance  varies. 

"conclusion. 

"The  formulas  given  for  train  resistance  are  necessarily  approxi- 
mate  formulas   only,  giving  average   results. 

"The  experiments  described  were  carried  out  under  the  most 
favorable  conditions  in  regard  to  weather.  Thus  the  formulas  are 
only  deduced  for  what  may  be  termed  the  summer  resistance ;  the 
winter  resistance  would  probably  give  rather  different  results.  The 
separation  of  the  value  of  the  total  resistance  into  its  components  is 
necessarily  somewhat  of  an  approximation,  and  to  ascertain  the  mean 
values  of  those  components  would  require  many  experiments  with 
apparatus   of  a  different  type   from   that  used. 

"The  author  desires  to  point  out  that  these  experiments  can  only 
be  taken  as  recording  the  results  obtained  with  the  particular  coaches 
used,  as  it  is  quite  possible  that  variations  in  the  wheel-base  of  the 
bogies,  or  in  the  dimensions  of  the  journals,  would  have  most  im- 
portant   results." 

V| 

Aspinall's  formula  takes  the  unusual  shape,  R  ^  2.5  + 

50.8  -f  0.0278  L 
making  it  somewhat  difficult  to  compare  it  with  other  formulas. 

The    formula    of    R.    H.    Smith    was    presented    in    the    discussion 

of   Aspinall's    formula   and   is   based   upon    his    experiments.      His    form 

is  so  inconvenient  that  it  is  not  likely  to  have  large  use. 
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The  formula  of  Crawford  and  Ristine  was  based  upon  some 
tests  by  Mr.  Wickhorst,  Engineer  of  Tests  on  the  Chicago,  Bur- 
lington &  Quincy  Railroad.  They  were  made  in  igoo  upon  trains  of 
i6o  to  i88  tons  and  at  speeds  of  from  20  to  80  miles  per  hour. 
Apparently  the  experiments  were  made  with  care  and  the  results  are, 
perhaps,  the  latest  and  best  in  this  country  for  passenger  trains  of 
light  weight.     The  number  of  observations   was  about  330. 

Aside  from  these  experiments  Wickhorst  has  at  various  times  done 
a  considerable  amount  of  good  work  in  connection  with  train  re- 
sistance in  one  way  or  another,  and  before  the  Western  Railway  Club, 
March,    1903,   p.   319,   he  takes   up   the   effect   of  temperature: 


"As  stated  above,  the  frictional  resistance  varies  considerably.  The 
friction  expressed  in  pounds  per  ton  draw  bar  pull  increases  as  the 
speed  increases,  decreases  as  the  gross  weight  of  a  car  and  its  freight 
increases,  and  increases  in  a  general  way  as  the  temperature  of  the 
air  decreases.  It  .  varies  for  freight  cars  at  freight  speeds  between 
limits     of      about    2    lbs.    per     ton     and      12    or    more    lbs.    per    ton. 
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Fig.    12. 

Fig.  12  shows  some  curves  of  friction  resistance  of  freight  cars  at 
speeds  of  20  miles  per  hour.  These  curves  show  the  relation  between 
the  gross  weight  per  car  in  tons,  plotted  horizontally,  and  the  re- 
sistance per  ton  in  pounds,  plotted  vertically,  for  three  weather  con- 
ditions   as    follows : 

Summer  weather,  or  above  30°    F. 

Cold  weather,  or  between   10°    F.   above  zero   and  30°    F. 

Very  cold  weather,  or  below  10°  F.  above  zero. 
"The  curve  showing  resistance  of  freight  cars  in  summer  weather 
is  the  result  of  dynamometer  tests  by  the  Pennsylvania  Railroad  and 
various  results  obtained  by  us  fall  in  well  with  this  curve.  I  will 
call  it  the  P.  R.  R.  curve  for  summer  weather.  It  will  be  noted 
that    according    to    these    results    the    friction     resistance    of    an    empty 
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car   weighing   15    tons    is   6.2   lbs.    per   ton,   while   that   of   a    loaded    car 
weighing   60   tons   gross    is   2.4   lbs.   per   ton. 

"The  curve  showing  friction  of  freight  cars  in  cold  weather,  say 
20°  F.  above  zero,  is  one  obtained  by  us  in  some  dynamometer  tests 
in  the  winter  of  1901  and  1902,  and  I  will  call  it  the  Burlington 
curve  for  winter  weather.  In  this  case  it  will  be  noted  the  friction 
resistance  for  the  15-ton  car  is  10  lbs.  per  ton,  and  of  the  60-ton  car 
is  5  lbs.  per  ton.  The  curve  we  show  for  very  cold  weather  is  obtained 
from  the  last  one  by  arbitrarily  adding  2  lbs.  per  ton  all  along.  It 
is  not  based  on  experimental  results,  and  I  cannot  say  just  how 
accurate  it  is." 

Quereau,  in  a  paper  before  the  Western  Railway  Club,  February, 
1900,  p.   253,  also  has   something  to   say  on  this  subject: 

"Tests  were  also  made  with  loaded  box  cars  when  the  temperature 
was  6  degrees  above  zero,  the  speed  on  the  grade  being  10.4  miles 
per  hour,  and  on  the  level  track  23.4  miles  per  hour.  Notwithstanding 
the  fact  that  the  train  had  run  ten  miles  before  the  records  for  the 
test  on  the  grade  were  made,  so  that  there  was  this  opportunity  for 
warming  up  the  waste  in  the  boxes,  the  resistance  per  ton  of  train 
was  40  per  cent,  greater  than  when  the  temperature  was  50  degrees. 
After  the  train  had  run  about  30  miles  the  difference  decreased  to 
24  per  cent." 

Quereau,  also,  on  p.  258,  discusses  the  question  of  loaded  and 
empty  cars : 

"On  the  fourth  page  we  have  the  topic  'tonnage  of  empty  cars.' 
There  probably  will  be  a  great  deal  of  discussion  and  difference  of 
opinion  on  that,  with  sound  arguments  on  both  sides.  It  is  well 
known  by  those  who  have  studied  the  matter,  that  a  ton  of  empty 
cars  requires  considerably  more  power  to  haul  it  over  the  track  than 
a  ton  of  loaded  cars.  And,  furthermore,  which  may  not  be  so 
commonly  known,  it  is  a  well  established  fact  th.at  a  hundred  thousand 
capacity  car  requires  less  power  per  ton  to  haul  than  a  30-ton,  or  any 
lower  capacity  car.  That  will  introduce  a  complication  which  I  am  in- 
clined to  think  ought  to  be  taken  into  consideration  in  this  matter,  and 
yet  I  am  not  prepared  to  say  what  the  solution  would  be.  The 
suggestion  is  that  for  empty  cars  the  tonnage  should  be  increased 
an  arbitrary  percentage,  depending  on  the  grade,  etc.  The  experi- 
ments referred  to  show  that  on  a  level  grade,  approximately  at  a 
speed  of  30  miles  an  hour,  it  requires  50  per  cent,  more  power  to 
haul  a  ton  of  empty  cars  than  a  ton  of  loaded  cars,  while  on  a 
grade  the  increase  in  power  at  a  speed  of  10  to  12  miles  an  hour 
is  about  7  per  cent,  for  the  empty  car.  The  suggestion  is  made  that 
an    arbitrary   percentage    should   be    added    to    the    weight   of   the    empty 
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cars  in  arriving  at  not  only  the  tonnage  rating  for  locomotives,  but  also 
which  would  be  involved  in  the  first,  in  making  the  ton  mile  statistics." 

Henderson,    discussing    the    same    paper,    p.    261,    says : 

"In  regard  to  the  tonnage  of  empty  cars,  I  would  like  to  say 
that  the  Committee  (of  which  I  was  chairman  a  year  or  two  ago)  of 
the  Master  Mechanics  Association,  appointed  for  the  purpose  of  in- 
vestigating that  subject,  gave  the  following  formula  for  the  per- 
centage which  was  to  be  allowed  on  empty  cars.  It  depended  on 
grades,  and  I  think  that  is  a  pretty  fair  way  to  establish  it.  The 
1.8 

formula  was  e  = ,  where  e  was  the  proportionate  increase  in  re- 

y  +  6 
sistance  and  y  was  the  resistance  due  to  grade.  That  is,  on  a  level, 
this  formula  gave  about  30  per  cent,  increase  in  resistance  of  empty 
cars  over  loaded  cars  in  tons,  and  on  grades  the  resistance  decreased 
as  the  grade  increased,  as  this  formula,  dividing  1.8  by  resistance  of 
grade  plus  6  would  make  allowance  for  the  steeper  grade,  and  the 
less  the  effect  it  would  have  on  empty  cars,  which  made  a  convenient 
method,  because  it  was  stated  merely  in  percentages,  and  it  could  be 
worked  so  that  when  there  was  a  grade  of  a  certain  per  cent,  the 
despatcher  would  add  5  or  3  per  cent,  to  the  weight  of  the  train,  and 
as  that  was  constant  for  any  one  grade,  they  could  have  a  list  of  the 
grades,  on  the  division,  and  could  decrease  the  loads  3  or  5  per  cent., 
whatever  the  factor  was,  corresponding  to  the  grade." 

Gibbs,   p.   272,    adds   to    the    discussion    as    follows : 

"The  resistance  per  ton  of  the  heaviest  class  of  loaded  coal  cars  is, 
on  straight  and  level  track  in  summer  weather,  sometimes  as  low  as 
2.2  pounds,  and  for  coal  cars  carrying  60,000  pounds,  as  low  as  2.9 
pounds,  while  for  the  same  cars  empty,  each  car  then  weighing  12.1 
tons,  the  resistance  under  the  same  circumstances  will  be  as  high 
as  (}.^  pounds." 

D,  J.  Crawfoi:d,  before  the  Western  Railway  Club,  December,  1901, 
p.    129,   says : 

"It  having  been  observed  that  the  resistance  varied  in  some  rela- 
tion to  the  weight  of  the  car,  tests  were  made  with  a  dynamometer 
car  to  obtain  some  information  on  this  subject.  Fig.  13  shows 
graphically  the  results  obtained  to  date:  The  weight  of  the  cars  is 
laid  oflf  on  the  horizontal  scale  and  the  resistance  in  pounds  per  ton 
on  the  vertical  scale;  the  points  on  the  curve  then  giving  the  re- 
sistance for  any  weight  of  car  at  ordinary  freight  train  speeds  of 
15   to   20  miles   per   hour.     Of   course,    on    account   of   the    difficulty   in 
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obtaining  sufficient  information  to  fully  define  this  curve,  but  a  few 
points  having  been  located,  it  can  only  be  considered  as  being  ap- 
proximate." 
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A  similar  diagram,  Fig.  14,  comes  from  the   Pennsylvania  Railroad. 
Tables  and  diagrams  have  been  -worked  up  by   Crawford  for  rating 
purposes,    and   he    continues : 

"On  the  road  referred  to,  the  rating  of  locomotives  by  the  method 
given  has  proven  very  satisfactory.  Trains  made  up  entirely  of  loaded, 
empty,  or  loaded  and  empty  cars,  making  approximately  the  same  time 
between  termini,  and  under  similar  weather  and  engine  conditions, 
burning  practically  the  same  amount  of  coal,  show  that  the  locomotive 
rating  is  uniform  notwithstanding  the  variation  in  the  weight  and  num- 
ber of  cars." 

Henderson,   in  his   "Locomotive   Operation,"  p.   270,   says  as   to 
"resistance   affected   by   loading. 

"We  found  in  our  discussion  of  speed  resistance,  that  the  'Engi- 
neering   News'    formula    gave    us    a    ready    means    of    determining    the 
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force  necessary  to  maintain  a  speed  V.  This  equation,  however,  ap- 
plies only  to  loaded  cars;  that  is,  of  about  33  tons  weight,  and  where 
there  is  a  great  variation,  such  as  in  freight  traffic,  a  modification  is 
necessary.  It  is  true  that  there  are  passenger  equipment  cars  weighing 
50  tons  or  more,  but  these  are  usually  provided  with  six-wheel  trucks, 
which  arrangement  probably  maintains  a  fairly  unjform  resistance. 
With  freight  cars,  however,  the  gross  weight  on  eight  wheels  may  be 
10   tons   or   70  tons,    according   to   the   type   and    load,    as,    for   instance, 


empty  flat  cars  in  the  one  case,  and  loaded  100,000-pound  capacity 
coal  or  ore  cars  in  the  other.  Such  discrepancies  are  never  met  in 
passenger  trains.  As  freight  trains  usually  travel  at  from  5  to  15 
miles  an  hour  (unless  they  be  stock  or  fast  freights),  especially  upon 
heavy  grades,  where  the  question  of  resistance  is  of  most  importance, 
and  where  the  closest  figures  are  made  for  hauling  capacity,  it  will 
probably  be  sufficient  to  study  the  effect  of  loading  at  low  speeds. 
We  find  the  resistance  at  this  speed  from  5  to  6  pounds  per  ton. 
As  stated  above,  this  is  only  correct  for  cars  of  about  33  tons  weight, 
and    on    level    track.      It    has    long    been    recognized    that    a    train    of 
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empties  pulled  much  harder  than  a  train  of  the  same  weight  of  loads, 
and  dispatchers  who  gave  an  engine  its  full  rating  in  empties  often 
found  that  it  was  necessary  to  double  controlling  grades.  From 
experiments  made  by  the  late  A.  jNI.  Wellington  on  the  Lake  Shore 
&  Michigan  Southern  Railway  in  1878,  he  concluded  that  there  was 
an  increase  of  2  pounds  per  ton  in  the  resistance  of  empty  freight 
cars  over  loaded  cars.  Other  prominent  engineers  consider  an  allow- 
ance of  30  per  cent,  on  a  level  to  be  sufficient.  At  15  miles  an  hour 
with  normal  resistance  at  6  pounds  per  ton,  this  would  make  an 
allowance  of  1.8  pounds  additional  for  each  ton  of  empty  cars.  It 
must  be  remembered  that  this  is  true  only  on  the  level.  Some  roads 
allow  25  per  cent,  additional  weight  on  empties  uniformly,  regardless 
ol"  the  amount  of  grade.  This  would  be  too  liberal  on  a  hill,  and  not 
sufficient  on  the  level. 

"An  allowance  of  1.8  or  2  pounds  per  ton  extra  on  the  weight 
of  all  empties  would  be  about  right,  regardless  of  the  grade,  but  when 
trains  are  made  up  the  instructions  state  the  tonnage  to  be  given  a 
certain  class  of  locomotives.  Under  these  conditions,  it  is  more  con- 
venient to  give  the  percentage  of  allowance  for  empties.  As  train 
resistance,  as  a  whole,  is  composed  principally  of  that  due  to  speed 
and  grade,  we  see  at  once  that  the  allowance  of  1.8  pounds  will  be 
a  very  much  smaller  proportionate  increase  when  the  grade  is  high 
than  when  it  is  low. 

"Some  roads  make  use  of  quite  an  elaborate  system  of  deductions 
from  the  standard  loading  in  cold  weather.  In  northern  latitudes  a 
deduction  of  7  per  cent,  is  sometimes  made  for  wet  or  frosty  rail ; 
some  arbitrarily  reduce  loads  from  10  to  15  per  cent,  in  winter. 
Another  northern  line  reduces  10  per  cent,  for  inferior  rail  and  un- 
favorable weather,  and  20  per  cent,  for  inferior  rail  and  stormy 
weather.  Often,  however,  there  is  no  fixed  rule,  but  a  declaration 
that  'during  inclement  or  windy  weather,  a  reduction  from  the- 
established  rating  shall  be  made,  at  the  discretion  of  the  superintendent 
or  his  representative,'  and  it  is  well  known  that  such  reductions  are 
seldom  authorized  until  the  superintendent  finds  that  the  trains  are 
not  getting  over  the  road,  and  then  a  reluctant  order  is  issued  to  cut 
10  or  15  per  cent,  off  the  rating." 

Henderson,  p.  2.'/2,  remarks : 

"The  above  makes  no  distinction  for  cars  that  are  partially 
loaded.  A  60,000-pound  capacity  car  might  have  a  15,000-pound  load. 
It  will  not  be  an  empty,  and  yet  if  an  engine  were  given  a  train  of 
such  cars  with  full  tonnage,  the  additional  resistance  would  soon 
manifest    itself.      In    order    to    include    all    conditions    of    loading,    the 

50  n 
Author  has  devised  the  following  formula:  R  =  3.5  -r ." 
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This    he   modified   somewhat    into    the    form    given    in    the    formula; 
V  —  12        50  n 

r  =  3-5  + + • 

4  t 

son 
This  becomes  more  simply  r  =  0.5  -f-  0.25  V  + 


t 

It  will  hardly  be  profitable  in  this  report  to  discuss  fully  the  various 
methods  that  have  been  used  for  the  tonnage  rating  of  locomotives,  but 
the  report  dealing  with  train  resistance  formulas  would  hardly  be  com- 
plete without  some  definite  attention  to  the  effect  of  loading  on  the 
resistance. 

It  is   interesting  to   note  that  one  of   the   earliest   formulas,   that  of 

0.002687  SV 

Pambour,    R  =  6  -| has,    in    its    effect,    distinguished    be- 

T 
tween  loaded  and  empty  cars.  The  S  of  the  formula  is  equal  to 
70  +  10  n,  when  n  =  number  of  cars,  so  that  with  a  given  zveight 
of  train,  the  resistance  will  be  greater  with  a  large  number  of  cars 
than  with  a  small  number;  but  with  a  given  number  of  cars  this 
atmospheric  term  of  the  formula,  after  dividing  by  T,  will  be  smaller 
when  the  weight  is  larger.  Few  of  the  modern  formulas  give  the 
same  effect,  of  increasing  the  resistance  with  an  increase  in  the  number 
of  cars,  and  also  decreasing  it  with  the  weight. 

The  formulas  of  Sewell,  Redtenbacher,  Petroff,  Henderson,  and 
Davis,  also  introduce  a  term  which  includes  the  number  of  cars,  and 
Goss'  formula  for  atmospheric  resistance  also  does  this,  so  that  these 
do  give  some  effect  to  this  question  of  empty  or  loaded  cars. 

Sewell  introduces  a  term  which  shows  the  bulk,  but  in  his  formula 

the    addition    of   a    number    of   cars    of   standard    weight   to    a    train    of 

cars  all  of  standard  weight,   would  add   to  or  take  away  nothing  from 

the  amount  of  resistance  in  pounds  per  ton,  inasmuch  as  in  his  formula 

0.00002  BV^  B 

in  the  term ,  the  —  will  be  a  constant  however  many  cars 

T  T 

of  this  proportion   should  be   added,  and   the   same   is   true   of  Hender- 
son 

son's   later  formula,  which  has   a  term  ,   for  here,  if  the  weight   is 

t 

son 

directly  proportional  to  the  number  of  cars,  the  term  will  remain 

t 
a  constant.     In  either  of  these   formulas,  however,   Sewell's  or  Hender- 
son's,   the    difference    between    an    empty    car    and    a    loaded    car,    or    a 
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partly  loaded  car,  will  be  distinguished ;  but  the  difference  between  a 
long  train  of  loaded  cars  and  a  short  train  will  not  be  distinguished, 
nor  the   difference   between  a   long   and   a   short   train  of  empty  cars. 

In  the  other  formulas  just  quoted  it  will  be  true,  as  in  Pam- 
bour's,  that  a  long  train  of  cars  of  uniform  weight  will  show  a  lower 
resistance  in  pounds  per  ton  than  a  short  train,  and  our  present 
knowledge  of  the  subject  indicates  the  probability  that  long  trains 
of  loaded  cars  do,  in  fact,  give  smaller  resistances  in  pounds  per  ton 
than   short  trains. 

While  this  feature  of  a  formula  is  very  interesting,  it  is  not 
certain  that  it  is  of  very  great  importance  for  the  purposes  of  this 
report  or  the  work  of  this  Committee.  It  is  a  part  of  the  at- 
mospheric term  in  the  formula,  and  this  seems  not  to  be  of  serious 
moment  when  the  trains  are  heavy  and  the  speeds  are  low.  It  should  be 
noted,  however,  that  Henderson's  term  for  loading  is  not  an  atmospheric 
term,  and  the  same  is  true  of  Shurtleff's  term. 

Most  of  the  formulas  for  train  resistance  may  be  separated  into 
one   of   three   classes.     These   are: 

(i)     r  =  a-fbV. 

cAV 

(2)     r  =  a  +  bVH . 


(3)     r  =  a  +  bV^ 

There  are  a  number  of  formulas  which  may  be  classed  as  miscel- 
laneous, which  do  not  in  effect  come  under  either  of  these  classes, 
where  the  forms  are  peculiar,  and  in  many  cases,  perhaps,  illogical, 
and  where  it  is  very  difficult  to  compare  the  formulas  with  those  of 
either  of   the   first  three   classes. 

A  considerable  majority  of  the  important  formulas  fall  within 
classes  i  and  2,  and  it  can  be  easily  shown,  we  believe,  that  for 
freight  trains  of  considerable  v/eight,  the  difference  in  shape  between 
formulas    i    and  2  is   not   sufficient   to  be  of  any   importance. 

The  third  term  in  the  second  class  of  formulas  represents  the 
atmospheric  resistance,  and  we  may  consider  that  the  symbol  A  or  S 
represents  an  area,  whether  this  be  the  front  of  the  train,  or  the 
front  of  the  train  with  something  added  for  each  additional  car;  that 
is,  as  far  as  this  atmospheric  term  is  considered,  we  have  the  co- 
efficient c ;  the  area  represented  we  may  call  now  A ;  and  V^  =  the 
square  of  the  speed;  and  the  product  of  these  we  divide  by  the 
weight  =t 
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For  trains  of  comparatively  light  weight,  especially  at  high  speeds, 
it  seems  desirable  that  this  term  should  be  given  a  place  of  im- 
portance. For  the  purposes  of  the  work  of  this  Committee,  light 
trains  at  high  speeds  have  comparatively  little  interest  at  present. 
Heavy  freight  trains  at  comparatively  low  speeds  are  what  this  Com- 
mittee has  to  deal  with  mainlj^  and  it  will  be  found  that  the  atmos- 
pheric term  for  weights  of  more  than  5C0  tons  at  about  30  miles 
per  hour  will,  in  most  formulas,  be  small  enough  to  be  neglected,  and 
it  is  believed  that  a  value  even  of  one  pound  per  ton  is  not  sufficient 
to  justify  retaining  such  a  term  if  convenience  dictates  otherwise. 
Without  the  atmospheric  term  the  formula  immediately  takes  the 
shape  r  =  a  -|-  b  V. 

With   relation   to   the    formulas   in   the   third   class,   or   those   in   the 

shape  of  r  =  a  -f  b  V",  it  is  perhaps  reasonable  to  assume  that  many  of 

cAV' 

these  might  have  been  put  in  the  form  of  r  =  a-|-bV-l ,  except 

t 

for  the  fact  that  the  authors  of  these  formulas  assumed  either  off- 
hand, or  from  theoretical  considerations,  that  their  formulas  should 
take  the  shape  of  those  of  the  third  class,  and  they  then  attempted 
to  find  the  constants,  and  succeeded  in  it.  Several  of  the  formulas 
of  the  third  class  are  purely  theoretical  and  are  not  directly  based 
on  any  special  experiments.  Clark's  and  Wellington's  are  perhaps 
the  only  ones  that  have  been  much  used  in  this  country.  Crawford's 
appears  to  be  the  one  of  greatest  importance  at  the  present  time,  but 
his  loads  were  light.  With  a  train  considerably  heavier  than  188  tons 
it  miglit  well  have  been  possible  to  find  a  line  of  the  first  class 
r  =  a  -f-  b  V  to  fit  the  experiments,  although  it  is  not  safe  to  assume  this. 

From  what  we  have  shown  with  relation  to  the  formulas  based 
upon  Gooch's  experiments  and  again  upon  Deeley's  experiments,  these 
took  various  forms,  depending  upon  the  taste  of  the  inventors  of  the 
different  formulas,  so  that  it  is  quite  evident  that  there  is  an  op- 
portunity to  put  a  formula  into  various  shapes  for  the  same  set  of 
experiments.  It  is  somewhat  significant  that  Henderson,  in  his 
earlier  formula,  used  r  ^  a  -|-  b  V,  while  in  his  second  formula  he  used 
the  shape  a  -j-  b  V,  although  he  added  to  this  another  term  to  show 
the  effect  of  the  loading  of  the  cars.  It  is  not  unfair,  probably,  to 
assume  that  the  number  of  formulas  of  the  third  class  is  not  quite  as 
strong  an  argument  against  our  using  for  freight  trains  r  =  a  +  b  V,  as 
at    first    sight   might   appear. 

It    will    be    remembered    that    in    the    Baldwin    Locomotive    formula 
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it  was  stated  that  the  true  line  representing  the  average  of  experi- 
ments was  a  curved  line,  but  that  a  straight  line  was  adopted  as 
being  more  convenient,  not  varying  more  than  a  pound  per  ton 
at  any  point   in  the   line. 

It  appears  from  the  diagrams  showing  Aspinall's  experiments 
(Fig.  3)  and  Crawford's  experiments  (Fig.  4),  that  a  variation  of 
3  pounds  on  either  side  of  the  line  given  in  the  formula  is  not 
sufficient  to  bring  the  result  materially  outside  the  general  limits  of 
the    experiments    there    observed    and   plotted. 

It  would  appear,  therefore,  that  the  difficulty  of  obtaining  uniform 
results  is  so  great,  and  the  variation,  even  in  a  single  series  of  ex- 
periments, is  so  great,  that  there  is  no  virtue  in  trying  to  use  un- 
desirable  expedients    to    secure    results    closer    than   one   pound    per    ton. 

As  has  been  shown  for  class  2  the  atmospheric  term  may  be 
neglected  in  the  case  of  heavy  trains  at  slow  speeds,  thus  bringing 
the  formulas  into  the  same  shape  with  those  of  class  i.  It  will, 
therefore,  appear  that  for  classes  i  and  2,  straight  line  formulas 
are  applicable  for  heavy  freight  trains.  The  fact  that  the  Baldwin 
Locomotive  formula  could  be  brought  into  that  form  at  high  speeds 
is  an  argument  in  favor  of  the  use  of  straight  line  formulas,  although 
it  must  be  recognized  that  the  trains  in  those  experiments  were 
also  fairly  heavy  trains,  from  340  to  580  tons,  and  that  this  alone 
probably  rendered  this  result  possible.  It  would,  therefore,  appear 
desirable  in  experiments  on  heavy  freight  trains  that  any  formulas 
intended  to  represent  such  experiments  should  be  put  in  the  form 
r  =  a  +  b  V,  provided  this  form  is  found  to  reasonably  represent  the 
results  of  the  experiments.  The  formula  in  this  shape  is  very  simple, 
and  it  appears  to  meet  the  requirements  of  a  large  proportion  of  thos: 
writers  who  have  previously  presented  formulas  for  train  resistance.  To 
this,  however,  should  be  added  a  term  to  give  effect  to  the  matter  of  the 

5011 

loading  of  the  cars.     Henderson  shows  such  a  term  in  his  formula, 

t 
90 

and    a    term    of    somewhat    different    shape    appears    in    Shurtleff's 

w 
90  90 

formula,  r  =  i  -| ,  or  r  =  i  +  000  V  + . 

w  w 

Your  Committee  is  of  the  opinion  that  the  actual  variation  in  the 
results  of  experiments  made  on  train  resistance  is  not  as  great  as 
the    apparent    difference,    and    that    an    extended    careful    study    would 
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reconcile  many  discrepancies.  The  apparent  diflference  is  very  much 
exaggerated  because  the  diagrams  which  have  been  made  with  lines 
showing  the  different  formulas  have,  in  almost  every  case,  been  ex- 
tended far  beyond  the  limits  of  the  experiments  upon  which  these 
formulas  were  based.  Formulas  based  on  experiments  at  4  to  26 
miles  per  hour  have  been  extended  to  100  miles.  Formulas  represent- 
ing tests  from  35  to  80  miles  per  hour  have  been  plotted  so  as  to 
extend  them  back  to  o  miles.  Few  modern  experiments  have  covered 
speeds  from  5  to  30  miles  per  hour,  which  pretty  nearly  cover  the 
limits  for  heavy  freight  trains.  The  actual  differences  have  come  about, 
in  part  because  some  experiments  were  taken  long  ago  upon  track  far 
ipferior  to  what  exists  now,  and  jwith  rolling  stock  far  different  from 
what  we  have  to-day,  and  far  less  perfect,  and,  therefore,  giving 
larger  resistance.  The  differences  in  many  cf  the  formulas  can  be 
explained  also  from  the  fact  that  the  trains  upon  which  the  experi- 
ments were  made  were  of  very  different  weights ;  that,  as  we  know, 
heavy  and  long  trains  give  lower  resistances ;  empty  and  short  trains 
give  much  higher  resistances.  Most  of  the  formulas  for  electrical 
trains  show  high  resistances,  probably  because  these  trains  are  light 
and  fast.  Many  of  the  formulas,  evidently,  if  applied  to  trains  of 
500  tons  weight,  or  larger,  would  fail  to  show  the  very  high  resist- 
ances per  ton  which  were  found  for  the  light  trains  which  were  actually 
in  use.  In  one  way  and  another,  it  is  believed  that  the  discrepancy 
is  far  less  than  it  appears  to  be,  and  perhaps  no  greater  than  we 
ought  to  expect  it  to  be  on  account  of  the  differences  in  condition, 
which  are,  in  many  cases,  very  evident.  For  instance,  there  seems 
to  be  no  reason  why  we  should  take  much  account  of  the  experiments 
upon  short,  light  electric  trains,  when  we  are  dealing  with  problems 
of  heavy  freight  trains.  As  appears  from  what  has  been  written  in 
this  report,  there  is  comparatively  little  in  the  way  of  direct  informa- 
tion as  to  the  laws  governing  the  resistance  of  heavy  trains.  There 
are  a  few  experiments  showing  the  resistances  at  certain  velocities, 
but  comparatively  few  which  tend  to  establish  the  shape  which  should 
be  given  to  a  formula  for  train  resistance  for  such  trains.  It  is  not 
the  purpose  of  your  Committee  to  suggest  any  formula  at  the  present 
time.  It  is  quite  possible  that  further  data  following  this  report  may 
bring  in  sufficient  information,  so  that  some  formula  can  then  be 
recommended. 

That  we  are  not  without  some  information  of  a  valuable  sort  is 
to  be  seen  by  a  reference  to  a  paper  by  A.  C.  Dennis,  Am.  Soc.  C.  E., 
Jime.  1903,  L.  p.  I,  where  he  says: 
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"During  the  past  year  more  than  3,000  miles  were  run  by  the 
writer,  with  a  dynamometer,  on  heavy  freight  trains  loaded  much 
beyond  the  rating  for  the  ruling  grade,  to  see  what  minor  grades 
could  be  run  with  momentum,  and  where  the  stalling  point  was  on 
those    which    could   not    be    run.        , 

"The  dynamometer  record  was  condensed  and  plotted  on  profile 
paper  above  the  grade  and  alinement ;  speed,  pull,  grade,  and  curva- 
ture being  thus  shown,  so  that  the  train  resistance  could  be  readily 
taken  from  the  pull  of  the  locomotive  and  compensated  for  change 
of  speed,  or  velocity  head,  grade,  and  curvature. 

"The  train  resistance,  in  pounds  per  ton,  compensated  for  change 
in  velocity  head,  grade  and  curvature,  was  plotted  for  very  many 
points  and  speeds  for  each  train,  and  the  mean  of  these  points  taken, 
as    nearly    as    possible,    for    each    train. 

"Fig.  15  shows  what  is  believed  to  be  the  correct  resistance  under 
the  conditions  given,  and  differs  radically  from  the  results  obtained 
by  Wellington  and  other  authorities  experimenting  with  light  trains, 
cars    and    rails. 

"The  experiments  indicate  that  the  resistances  which  increase  with 
speed  balance  very  nearly  the  decreasing  journal  friction  for  trains 
of  box  cars  of  2,000  tons  or  more,  the  tare  of  which  is  one-third  of 
the  gross  weight  on  a  solid  frozen  roadbed.  The  resistance  for  such 
a  train  is  about  4.7  lbs.  per  ton  for  speeds  from  7  to  35  miles  per 
hour.  Warm  weather  and  a  less  rigid  roadbed  modify  this,  some- 
what, reducing  the  resistances  at  low  speed  and  increasing  them  at 
high  speed,  but  the  difference  is  so  slight  that  the  4.7  lbs.  has  been 
used  as  a  constant.  The  resistance  due  to  cold  varies  from  enough 
to  skid  the  wheels,  it  is  said,  to  practically  nothing  after  the  train 
has    been    run    fast    for    some   time. 

"The  resistances  after  the  train  has  stood  for  some  time  are 
about  2  lbs.  per  ton  above  the  normal  until  the  train  has  been  run 
enough   to   get   the   journals    well   lubricated    and   warmed. 

"The  resistances  seem  to  be  greater  than  normal  when  increasing 
the  speed  and  less  when  decreasing,  after  compensating  fully  for  the 
change  of  velocity  head.  A  train  increasing  its  speed  from  10  to 
20  miles  per  hour,  and  maintaining  it,  would  pull  appreciably  harder 
than  if  just  reduced  to  20  miles  an  hour  from  a  higher  speed.  From 
coasting  tests,  with  the  locomotive  shut  off,  it  appears  that  the  resist- 
ances per  ton  for  the  locomotive  were  about  the  same  as  for  empty 
cars,   or   about  9.0  lbs.   per  ton." 

More  recently,  in  fact  after  this  report  had  been  brought  substan- 
tially into  permanent  form,  a  reply  to  this  Committee's  inquiries,  from 
A.  K.  Shurtleff,  of  the  Rock  Island  System,  contains  further  valuable 
information,  part  of  which  is  in  direct  confirmation  of  Dennis'  paper : 

"A  number  of  dynamometer  records  covering  over  3,000  train  miles 
and    over   2,500    miles    of    track    on    two    different    railway    systems    has 
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shown    many    interesting    things    when    studied    in    connection    with    the 
'log'  book  compiled  at  the  time  when  records  were  taken. 

"While  a  great  deal  more  time  could  have  been  profitably  employed 
in  making  this  study,  still  there  was  sufficient  time  to  draw  up  some 
general  conclusions  that  have  resulted  in  increased  economy  of  opera- 
tion  when  put  into  practice. 

"The  records  were  made  with  the  dynamometer  car  next  to  the 
locomotive  and  registering  the  draw  bar  pull.  The  scale  weights  of 
cars  were  taken.  The  different  records  covered  trains  averaging  from 
19  to  41  tons  per  car  of  train,  and  were  taken  on  track  varying  from  mud 
ballast  with  medium  line  and  surface,  to  first-class  track  well  ballasted 
with  good  line  and  surface.  Districts  covered  varied  from  valley  lines 
to  mountain  lines  and  grades.  Temperature  varied  from  zero  weather 
to  60  degrees  F.  above. 

"The  tests  show  that  no  fixed  rule  can  be  deduced  for  train  re- 
sistance that  can  be  applied  for  all  cases.  Conditions  of  track  as  to 
line  and  surface  affect  resistance  quite  materially.  Wind  and  the  direction 
of  the  same  with  reference  to  direction  of  traffic  also  affects  resistance, 
especially  between  the  tijne  of  starting  train  and  time  of  getting 
it  moving  at  average  velocity  with  the  journals  warmed  up,  and  so 
long  as  time  is  a  factor  in  moving  freight,  temperature  must  be 
taken  into  consideration.  Resistance  per  ton  will  vary  widely  with 
the  loading  of  the  cars  and  condition  of  cars  as  to  bearings,  lubrica- 
tion, etc.  Therefore,  only  general  rules  can  be  laid  down,  and  by  ex- 
periment on  each  district  these  rules  can  be  modified  to  suit  conditions 
as  they   exist. 

"starting  resistance. 

"The  dynamometer  records  in  a  number  of  cases  show  that  the 
'personal  equation'  of  the  engineer  enters  into  the  record  as  shown. 
In  other  words,  he  has  attempted  to  start  the  cars  with  a  jerk,  thus 
throwing  the  recording  pen  up  to  a  point  showing  resistance  of  over 
25  lbs.  per  ton  of  train  after  deducting  for  grade  resistance.  The 
same  train  has  at  other  points  been  started  with  about  half  of  this 
resistance  by  a  careful  handling  of  the  locomotive  and  taking  advantage 
of  all  the  slack  possible.  In  starting  trains  with  the  least  possible 
resistance,  the  whole  mass  is  not  started  at  once,  but  is  set  into  mo- 
tion by  increments,  hence  a  given  number  of  tons  in  forty  cars  can  be 
started  with  less  maximum  draw  bar  pull  than  if  loaded  in  twenty 
cars. 

"The  following  table  gives  a  record  of  starting  resistance  on  eight 
different  trains,  after  correcting  for  grade : 
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No. 

Avg.  Tons 
per  Car. 

Temperature 
F. 

No. 
Tests. 

Lbs. 

Resistance 

per  Ton. 

Cars. 

Max. 

Min. 

Average. 

34 

39.8 

+  30° 

6 

15.2 

12.4 

14.08 

38 

40.2 

+  20°-  +  44° 

2 

15.7 

10.6 

13.35 

39 

40.6 

+  33° 

10 

17.5 

10.7 

13.40 

41 

29.8 

+  25° 

2 

15.0 

11.5 

13  25 

42 

30.1 

0  -  +  33° 

6 

16.4 

11.8 

14.35 

43 

38.7 

+  27°-  +  45° 

2 

14.3 

13.6 

13.95 

44 

28.9 

+    3°-  + 24° 

5 

18.2 

12.6 

15.52 

45 

27.3 

+  60° 

2 

17.8 

13.0 

15.40 

"There  were  some  cases  where  a  train  had  stood  over  night  and 
'froze'  up,  so  that  starting  resistance  was  over  30  lbs.  per  ton.  Tem- 
perature and  the  length  of  time  a  train  stands  still  will  aflfect  starting 
materially.  In  some  very  few  cases,  where  a  stop  was  but  for  an  instant, 
trains  were  started  with  6  lbs.  per  ton  draw  bar  pull  above  grade  re- 
sistance. 

"Above  the  freezing  point  it  can  be  safely  estimated  that  the 
average  train  can  be  started  on  level  grade  with  13  lbs.  draw  bar  pull 
per  ton  of  train. 

"resistance  of  trains  in  motion. 

"The  resistance  of  trains  in  motion  drops  after  starting,  so  that  at 
five  miles  velocity  per  hour  it  is  practically  at  its  minimum,  although 
in  cold  weather  it  will  still  be  higher  than  its  normal  until  the  journals 
are  thoroughly  warmed  up. 

"The  dynamometer  records  show  that  draw  bar  pull  does  not  in- 
crease with  speed  within  the  limits  of  ordinary  freight  speeds  from  7 
to  30  miles  per  hour.  In  one  case  where  the  conditions  of  track,  grade, 
etc.,  were  favorable,  the  record  showed  practically  the  same  draw  bar 
pull  over  long  distances  for  a  maintained  speed  of  ten  miles  per  hour, 
that  it  did  where  speed  was  maintained  for  considerable  distances  at 
27,  31,  and  35  miles  per  hour  respectively.  The  35-mile  test  showed 
0.08  lbs.  less  resistance  per  ton,  but  this  possibly  was  owing  to  slightly 
better  track  conditions. 

"Hence  without  strong  winds  interfering,  the  draw  bar  pull  per  ton 
can  be  considered  constant  for  a  given  train  at  any  maintained  speed 
after  eliminating  grade  resistance.  Engine  resistance  does  increase  with 
velocity. 

"From  the  results  obtained  on  track  in  good  line  and  surface  the 
following  formula  was  deduced  to  cover  train  resistance  back  of  loco- 
motive   for   temperatures    above   freezing   and   without   strong   winds. 

go 

"Resistance  lbs.  per  ton  equals  i  -| 

Average  tons  weight  per  car 

"The  curve  given  by  this  formula  can  be  plotted  in  diagram  form, 
but  the  following  table  gives  the  pounds  per  ton  resistance  for  various 
loading  of  cars  and  also  comparison  with  resistances  as  given  by  the 
Crawford  and  Daly  curves,  showing  but  slight  variation  from  these, 
except  in  light  loading: 
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Tons 
per  Car. 

Pounds  Resistance  per  Ton. 

"--i 

Crawford. 

Daly. 

15 

7.00                » 

6.10 

6.1 

20 

5.50 

5.04 

5.2 

25 

4.60 

30 

4.00 

3'82 

4.0 

35 

3.57 

40 

3.25 

3  ■.14 

3.i 

45 

3.00 

50 

2.80 

2.73 

2.6 

55 

2.64 

60 

2.50 

2.45 

2.3 

65 

2.38 

70 

2.29 

2.27 

2.2 

"In  weather  below  the  freezing  point,  the  resistance  will  not  vary 
much  from  these  figures  after  the  journals  become  warmed  up  to  their 
work,  but  after  starting  trains,  the  resistance  will  be  about  two  pounds 
per  ton  more  until  the  journals  become  warmed  and,  in  order  to 
make  scheduled  time,  at  least  this  much  allowance  should  be  made,  par- 
ticularly where  there  is  apt  to  be  frosty  rail  morning  and  evening." 

In  a  paper  in  the  Railroad  Gazette  of  November  23,  1906,  p.  451, 
Joseph    Mayer    writes : 

"I  have  been  informed  of  the  results  obtained  in  the  tests  made 
with  the  new  electric  locomotives  of  the  New  York  Central.  They 
show    train    resistances    for    the    speeds    here    considered,    given    by    the 

V 

formula    r=:i.8-| ." 

9 

This  becomes  r=i.8  +  o.iiV,  and  this  may  be  called  the  New 
York  Central  formula. 

There  is  one  point  which  has  not  yet  been  touched  upon  with 
relation  to  heavy  freight  trains.  With  very  many  cars  in  a  train,  it 
is  reasonable  to  assume  that  the  variations  in  resistance  due  to  dif- 
ferences in  quality  of  rolling  stock,  will  be  considerably  neutralized, 
or  the  average  on  a  large  number  of  cars  will  be  more  nearly  constant 
than  the  average  on  a  small  number,  and  since  the  effect  of  i  or  2 
especially  heavy  pulling  cars  will  be  less  seriously  felt  in  a  long  and 
heavy  train  than  in  a  lighter  one,  the  greater  the  number  of  cars 
the  greater  is  the  probability  that  the  average  will  be  more  nearly 
the  same ;  and  it  can  be  expected  that  future  experiments  on  heavy 
freight  trains  will  show  somewhat  greater  uniformity  in  results  than 
has  been  the  case  in  most  of  the  experiments  which  have  been  made, 
which  have  been,  as  has  been  stated,  very  largely  experiments  on 
passenger  trains. 
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It  is  probably  not  best  at  this  time  to  attempt  to  state  precisely 
the  results  of  many  additional  separate  tests,  which  have  been  here 
and  there  reported,  when  there  has  been  perhaps  only  a  single  speed 
specified.  It  is  sufficient,  perhaps,  to  state  that  in  many  instances,  here 
and  abroad,  at  about  12  or  15  miles  per  hour,  resistances  of  4  lbs. 
or  less  per  ton  have  been  found.  One  quotation  in  this  report  gives 
2.2  lbs.  per  ton  for  ioo,ooo-lb.  cars. 

It  is  hoped  that  a  fuller  presentation  of  this,  and  of  curve  resist- 
ance may  be  made  by  this  Committee  at  some  future  time  when  addi- 
tional   data    have   become    available. 

It  has  been  found  that  the  resistance  at  starting  is  noticeably  in 
excess  of  that  at  ordinary  slow  speeds,  as  mentioned  by  Shurtleff  and 
shown  in  his  table,  and  this  matter  is  well  discussed  in  Henderson's 
"Locomotive  Operation,"  p.  258,  as  follows : 

"Mr.  J.  A.  F.  Aspinall,  in  his  paper  read  before  the  Institution 
of  Civil  Engineers,  in  1901,  described  some  tests  which  he  had  con- 
ducted to  determine  the  starting  resistance  of '  trains.  These  were 
made  by  finding  upon  what  incline  the  cars  would  start  themselves. 
He  found  that  on  a  ^  per  cent,  grade,  with  a)  very  slight  wind  blow- 
ing against  the  train,  there  was  no  movement.  When  the  wind  was 
blowing  at  right  angles  to  the  train  with  a  velocity  of  6  miles  an 
hour,  it  just  moved.  With  a  9^  mile  breeze,  nearly  with  the  train,  it 
started  more  readily.  From  this  it  appears  that  the  train  tested  re- 
quired about  15  pounds  per  ton  (the  tractive  effort  of  gravity  on  a 
y!',   per   cent,   grade)    to   put   it    in   motion. 

"In  the  discussion  of  this  paper  Mr.  P.  V.  McMahon  mentioned 
some  tests  in  which  the  resistance  in  starting  had  been  found  to  be 
20  or  25  pounds  per  ton.  A  similar  experiment  with  a  locomotive 
gave  a  resistance  of  25  to  30  pounds  per  ton.  The  Master  Mechanics' 
committee  have  shown  in  their  diagram  of  train  resistance,  a  starting 
force  necessary  of  about  18  pounds  per  ton.  Wellington  gives  this 
value  at  from  14  to  18  pounds,  with  considerable  fluctuations.  He 
states  that  most  of  this  initial  resistance  is  almost  wholly  instanta- 
neous, and  consumes  little  power,  but  that  the  normal  axle  friction 
is   probably   increased   2   pounds   per   ton    for   the   first   few   car   lengths. 

"Mr.  B.  A.  Worthington,  in  a  paper,  recently  indicated  17  pounds 
per  ton.  These  figures  are  not  intended  to  cover  inertia,  as  they 
represent  slow  starts.  It  is  apparent  that  the  resistance  reduces  imme- 
diately the  train  moves,  and  also  that  the  slack  in  couplers  or  com- 
pression in  draft  springs  tends  to  reduce  the  pull  on  the  engine  by 
permitting  the  train  to  start  one  car  at  a  time,  as  it  might  be  termed, 
because  locomotives  will  start  trains  on  grades  that  are  given  them, 
considering    the    low    friction    of    5    miles    an    hour,    and    which    could 
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never  be  started  if  all  the  cars  were  rigidly  coupled  together.  On 
account  of  this  fact,  the  starting  resistance  is  seldom  used  in  making 
up  engine  ratings,  but  questions  at  times  arise  which  make  it  an  im- 
portant   consideration. 

"miscell.'\neous    resistance. 

"The  journal  friction  and  wind  resistance  do  not  constitute  the 
entire  obstruction  to  the  speed  of  the  locomotive.  Flange  friction, 
oscillation,  concussion,  etc.,  cause  the  expenditure  of  a  considerable 
amount  of  power.  Wellington  considers  that  these  items  are  respon- 
sible for  two-thirds  of  the  velocity  resistance.  Aspinall  figures  them 
at  about  55  per  cent,  of  the  resistance  due  to  speed,  or  50  per  cent, 
of  the  total   resistance  of   the   train   at   80  miles   an   hour.     In   a  20-car 

V 
train,   these   resistances    figure   about 2.    and    for   a    five-car    train 

V  .  4.84 

54 

"As  these  resistances,  which  are  not  well  understood,  are  fully  as 
great  as  those  due  to  wind  and  journal  friction,  it  seems  illogical 
to  attempt  to  set  an  accurate  figure  on  the  latter,  when  we  must  guess 
at  the  former.  On  this  account,  the  great  majority  of  formulas  in 
current  use  are  framed  to  cover  all  these  resistances,  and  ordinarily 
consist  of  a  constant,  representing  a  uniform  journal  resistance,  and 
a  variable  which  takes  care  of  the  atmospheric  and  miscellaneous 
resistances. 

"The     Author    has     preferred    to     follow     the      Engineering     News 
V 
formula,    r  ^  2  4- — ,     and    the     corresponding    curve    will    be    used    in 

4 
this    treatise.     It    starts    with    about    16   pounds    per    ton,    drops    to    five 
pounds  at  6  miles  an  hour,  and  then  increases  uniformly  in  accordance 
with  the   above   formula." 

Just  what  direction  this  line  of  resistance  takes  from  0  to  low 
speeds  of  2  to  5  miles,  seems  not  well  established,  although  shown 
on  diagrams  by  several  authorities.  The  practical  value  of  a  knowledge 
of  this  is  also  uncertain,  since  the  resistance  of  starting  does  not  apply 
to  the  entire  train,  but  comes  upon  one  car  after  another,  and  there  is 
great  difficulty  in  applying  our  knowledge  of  the  laws  of  resistance  of 
starting,  to  the  conditions  existing  in  the  train  while  getting  under  way. 
The  total  effect  of  such  resistance  is  of  importance,  as  it  may  serve  to 
determine  the  point  beyond  which  grade  reduction  is  not  economical. 

From  Fig.  3  of  Aspinall  and  Fig.  4  of  Crawford,  it  appears  there 
is  a  very  considerable  variation  between  the  outer  limits  of  the  experi- 
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merits  and  the  line  showing  the  formula,  and  which  represents  average 
resistance.  It  is  evident  that  for  purposes  of  loading  engines,  it  would 
J>e  unsafe  to  load  to  the  average  line  of  resistance,  since  in  that  case 
the  train  would  frequently  be  overloaded,  become  stalled,  and  yield 
unsatisfactory  results  in  operation.  For  loading  engines,  the  load  should 
approach  the  maximum  of  the  experiments,  and  reach  nearly  as  high  a 
point  on  the  diagram  as  where  the  experiments  are  considerably 
bunched.  The  experiments  on  the  diagram  differ  considerably,  prob- 
ably as  the  result  of  accidental  variations  of  weather,  track  or  rolling 
stock,  and  it  seems  probable  that  the  loads  carried  were  greater  than  can 
be  regularly  counted  on  in  general  practice,  for  experiments  ordinarily 
represent  something  rather  better  than  average  conditions. 

For  the  determination  of  questions  of  momentum  grade,  or  of  the 
sum  justifiable  to  decrease  the  rate  of  grade^  the  load  that  can  be  hauled 
safely  over  the  division  forms  the  basis  for  computations,  and  this 
is  determined  by  the  upper  limit  of  the  experiments,  rather  than  by 
the  average,  so  that  for  questions  of  grade  revision,  and  the  use  of 
momentum  grades,  the  average  line  of  resistance  is  too  low.  For 
equating  for  curvature  and  for  determining  the  cost  of  curvature  and 
the  cost  of  rise  and  fall,  average  values  seem  appropriate  to  use. 

Your  Committee  desires  to  call  attention  to  the  importance  of  ac- 
curate determination  of  speeds  in  making  any  experiments  on  train 
resistance,  so  that  the  increase  of  effort  of  the  locomotive  in  increasing 
speed,  or  the  decrease  in  effort  in  diminishing  speed,  shall  be  properly 
applied  to  the  draw-bar  pull  in  order  to  get  the  correct  value  of  the 
train  resistance  upon  a  level  tangent,  or,  as  we  may  phrase  it,  the  level 
tangent  resistance.  It  is  possible  and  probable  that  an  attempt  should 
be  made  to  determine  speeds  with  greater  precision  than  has  been 
done  in  most  dynamometer  cars. 

CONCLUSIONS. 

In  conclusion  your  Committee  is  desirous  of  making  the  following 
recommendations : 

(i)  That  each  company  conduct  its  own  experiments  for  train  re- 
sistance. 

(2)  For  the  present  for  such  experiments  the  dynamometer  method 
shall  be  used,  and  the  resistance  of  train  alone  determined. 

(3)  That  the  determination  of  the  amount  of  pull  available  at  the 
drawbar  at  various  speeds  for  locomotives  of  the  different  classes,  be 
left  to  the  proper  motive  power  officials. 
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(4)  That  speeds  be  determined  as  closely  as  to  mile  per  hour. 

(5)  That  for  experiments  on  heavy  freight  trains  at  low  speeds,  the 
formula  should  have  the  shape  r  =  a  -j-  b  V. 

(6)  That  an  additional  term  be  added  to  shovf  the  effect  of  loading. 

(7)  That  all  tests  for  train  resistance  should  be  made  on  tangents. 

(8)  That  for  determining  the  sum  allowable  to  save  curvature,  or 
to  save  rise  and  fall,  the  average  line  for  train  resistance  should  be  used. 

(9)  That  for  grade  revision,  for  questions  of  momentum  grade,  a 
maximum  line  above  the  average  train  resistance  should  be  used,  a  line 
somewhat  near  the  outer  edge  of  the  experiments  plotted  in  a  diagram. 

Respectfully    submitted, 

W.  McNab,  Assistant  Engineer,   Grand  Trunk   Railway,   Montreal,    Can- 
ada,  Chairman. 

W.    D.    Taylor,    Chief    Engineer,    Chicago    &    Alton    Railway,    Chicago, 
Vice-Chairman. 

C.  Frank  Allen,  Professor  of  Railroad  Engineering,  Mass.  Institute  of 
Technology,  Boston,  Mass. 

J.   B.   Berry,   Chief  Engineer,   Rock   Island   System,   Chicago,   111. 

V.    G.    Bogue,    General    Manager    and    Chief   Engineer,    Western    Pacific 
Railway,  San  Francisco,  Cal. 

J.    F.    Burns,    Roadmaster,    Louisville    &    Nashville    Railroad,    Elizabeth- 
town,  Ky. 

W.    W.    CoLPiTTS,    Assistant    Chief    Engineer,    Kansas    City,    Mexico    & 
Orient  Ry.,  Kansas   City,  Mo. 

W.  L.   Darling,   Chief  Engineer,   Northern   Pacific  Ry.,    St.    Paul,   Minn 

W.  E.  Dauchy,  C,  M.  &  St.    P.   Railway  of  Montana,   Missoula,  Mont. 

Lewis  Kingman,  Chief  Engineer,  Mexican  Central  Railway,  Mexico,  Mex. 

O.  E.  Selby,  Bridge  Engineer,  Cleveland,  Cincinnati,  Chicago  &  St.  Louis 
Railway,  Cincinnati,  O. 

W.  B.  Storey,  Jr.,  Chief  Engineer,  Santa  Fe  Railway  System,  Chicago,  111. 

Francis  Lee  Stuart,  Chief  Engineer,  Erie  Railroad,   New   York. 

W.    L.    Webb,    Consulting    Engineer,    Philadelphia,    Pa 

Cofumittei:. 


DISCUSSION. 

The  Presideiit : — The  Committee  on  Economics  of  Railway  Location 
will  please  come  forward.  In  the  absence  of  the  chairman,  ]\Ir.  M'cNab, 
Professor  Allen  will  present  the   report. 

Prof.  C.  Frank  Allen  (Massachusetts  Institute  of  Technology)  : — Mr. 
President  and  Gentlemen — I  wish  in  the  first  place  to  express  my  regret 
that  Mr.  McNab,  the  chairman,  is  not  able  to  be  present,  especially  in 
view  of  the  fact  that  he  is  detained  at  home  by  sickness.  He  is  ill  with 
the  grip  and  unable  to  leave  his  house.  He  desired  that  the  Association 
should  have  expressed  to  them  his  regrets  at  not  being  able  to  be  here. 
I  think  it  is  the  first  convention  that  he  has  missed.  I  am  sorry  also 
that  Mr.  Taylor,  the  vice-chairman,  found  it  impossible  to  be  here,  other 
duties  conflicting.  It  will,  of  course,  be  out  of  the  question  to  read  this 
report  in  full,  but  it  has  been  thought  wise  by  the  President  and  the 
Committee  that  I  should  read  some  half  dozen  pages  at  the  beginning 
and  then  should  call  attention  to  some  of  the  particular  features  that 
are  contained  in  the  report  beyond  that ;  so  if  you  will  bear  with  me  I 
will  fake  up  the  report  at  the  beginning.  It  will  be  understood  that  this 
is  a  report  of  progress. 

(Prof.  Allen  then  read  that  part  of  the  report  of  the  Committee 
on  Economics  of  Railway  Location,  set  forth  upon  pages  4  to  10, 
inclusive,  Bulletin  No.  84,  and  followed  with  extracts  of  the  part  of 
the  report  which  dealt  with  "Train  Resistance''  directly.  After  reading 
these  extracts  he  further  said)  : 

It  may  not  be  out  of  place  at  this  time  to  state  in  behalf  of  the 
Committee  that  it  will  be  of  great  value  to  them  and  to  the  Association 
to  have  brought  to  their  attention  data  upon  any  matters  touched  upon 
in  this  report,  so  that  these  may  be  presented  to  the  Association  at 
a  later  date.  A  good  example  of  what  is  wanted  is  found  in  the  case 
of  the  coal  road  cited  on  pages  8  and  9,  where  figures  are  given  showing 
something  of  the  economy  of  the  low  grade  permanent  line  compared 
with  the  quickly  constructed  temporary  line  which  served  and  still 
serves  a  good  purpose.  This  report  is  intended  especially  to  stimulate 
discussion  in  such  lines  and  the  presentation  of  data  of  a  similar 
character. 

I  have  not  attempted  to  take  up  in  full  the  paper  on  train  resistance. 
It  is  understood  that  this  is,  to  a  considerable  extent,  an  historical 
statement  of  the  situation  with  relation  to  train  resistance ;  but  an 
historical  statement  of  this  sort,  as  it  is  here  presented,  does  naturally 
contain   a   presentation   and   discussion    of   the    many    points    involved    in 
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train  resistance.  It  involves  an  extended  consideration  of  many  elements 
that  affect  it.  It  gives  opportunity  for  knowledge  of  the  view  that  many 
people  have  had  of  the  subject  and  it  is  in  a  way  taking  account  of 
stock  up  to  the  present  time  of  our  knowledge  of  train  resistance  as  a 
foundation  for  future  work,  and  it  is  hoped  that  this  presentation  will 
lead,  on  the  part  of  the  members  of  this  Association,  to  many  experi- 
ments carefully  made,  with  perhaps  a  better  view  of  the  situation  than 
has  been  easy  heretofore,  so  that  the  newer  results  will  be  good  not 
only  because  they  are  new.  but  because  they  have  been  made  with  as 
great  intelligence  as  is  possible  in  view  of  all  the  knowledge  of  the 
subject  we  have. 

This,  in  a  rough  sort  of  way,  indicates  the  ground  covered.  I 
presume  I  have  forgotten  some  things  I  might  have  called  attention  to. 

I  do  not  know  what  course  you  would  like  to  take  up  with  relation 
to   this   paper,   whether   you   wish   some    discussion   or    not. 

The  President  :■ — Some  discussion  and  a  general  exchange  of  views 
are  desired. 

Prof.  Allen : — I  wish  to  say,  in  relation  to  the  work  of  the  Com- 
mittee, that  aside  from  what  is  presented  in  this  report,  there  has  been 
a  considerable  amount  of  work  done  in  other  directions,  but  the  informa- 
tion gathered  is  not  so  complete  but  what  additions  to  it  will  make  it 
much  more  valuable,  and  it  seems  desirable  that  the  digesting  of  that 
material  should  be  left  until  the  additional  information  is  in  hand. 

In  connection  especially  with  the  matter  of  train  resistance  and  of 
tests  for  train  resistance,  it  is  the  hope  of  the  Committee  that  many  of 
the  railroads  will  take  hold  of  that  matter  and  either  work  up  experi- 
ments already  made  or  conduct  additional  experiments,  or  both ;  and 
it  is  the  purpose  of  this  Committee,  at  a  later  date,  to  present  to  the 
Association  some  recommendations  as  to  the  methods  of  conducting 
the  tests,  the  observations  that  are  desired,  and  many  features  in  that 
way  which  will  tend  to  bring  about  some  uniformity  and  the  gathering 
of  good  results.  The  Committee  desired  especially  that  anything  that 
is  presented  shall  be  in  complete  form,  giving  the  details  of  the  experi- 
ment. A  result  on  train  resistance  apparently  is  not  of  great  value 
unless  you  know  what  the  conditions  were  under  which  the  experiments 
have  been  made,  and  if  anybody  who  has  information  to  give  will  be 
kind  enough  to  forward  it  to  the  chairman  of  the  Committee,  Mr. 
McNab,  or  to  the  Secretary,  ^^Ir.  E.  H.  Fritch,  it  will  then  be  put  in 
line  for  use. 

The  President : — As  stated  by  the  chairman,  the  Committee  desires 
an  expression  from  the  members  upon  some  of  the  details  given  in  the 
report  and  to  offer  suggestions.  The  Committee  also  desires  information 
as  to  what  the  various  roads  are  doing  in  reference  to  the  matters  dealt 
with  in  the  report  under  consideration  and  what  principle  is  being  kept 
in  view  in  making  experiments.  Members  having  at  their  command 
results  of  investigations  or  tests  are-  invited  to  send  them  to  the 
Committee. 
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Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — Do  I  understand  the 
Committee  desires  results  so  far  as  they  apply  to  what  is  accomplished 
after  grades  are  reduced  over  what  was  accomplished  before  grades 
were   reduced? 

The  President : — Yes ;  information  of  that  nature  would  be  acceptable. 

Mr.  Ewing: — We  have  a  number  of  instances  of  that  kind  concern- 
ing which  we  could  give  interesting  data.  Perhaps  a  good  many  of  the 
members  are  like  I  am  in  this  matter — the  Committee  has  covered  it  so 
thoroughly  it  has  simply  taken  all  the  eloquence  out  of  us.  When  this 
report  reached  my  office  I  was  engaged  on  some  figures  covering  a  line 
that  we  had  just  completed ;  grades  were  reduced  from  i  per  cent,  to 
0.5  per  cent,  on  a  line  about  42  miles  in  length.  A  certain  rating  was 
placed  on  engines,  and  the  management  thought  that  we  were  not 
getting  quite  enough  out  of  it.  I  was  requested  to  prepare  some 
figures,  and  was  making  use  of  some  well-known  formulas.  This  Bul- 
letin reached  me  while  I  was  in  the  midst  of  it,  and  I  found  so  very 
many  formulas  that  I  did  not  know  anything  about  and  which  gave 
different  results,  that  I  really  stopped  work  for  a  day  or  two  until  I 
could  collect  my  thoughts  again. 

The  President: — The  chair  would  state  that  in  a  case  on  our  own 
lines,  where  there  was  involved  46  miles  of  track  on  i  per  cent,  grades 
and  s-degree  curves,  a  certain  type  of  engine,  under  the  best  of  con- 
ditions five  years  ago,  would  haul  950  tons.  If  there  was  a  high  head 
wind  or  poor  rail  the  engine  would  fail  to  haul  this  tonnage.  The 
grades  on  that  district  were  changed  from  i  per  cent,  to  0.6,  and  the 
sharpest  curves  taken  out ;  the  curves  of  three  degrees  were  left  in, 
and  where  the  line  was  changed  the  sharpest  curves  used  were  of  one 
degree  and  thirty  minutes.  The  same  engines  with  no  greater  expendi- 
ture of  fuel  to-day  pull  regularly,  under  all  weather  except  zero  weather, 
1,500  tons. 

Mr.  Ewing : — On  the  line  that  I  referred  to  we  had  i  per  cent, 
grades,  and  several  of  those  grades  were  momentum  grades.  The 
tonnage  rating,  before  the  change  was  made,  was  1,600.  We  reduced  the 
grades  to  0.5  and  the  same  engines  are  now  pulling  about  2,200  or 
2,300  tons. 

The  President : — The  chair  would  add  in  this  connection  that  'n 
revising  the  line  on  one  division  from  a  i  per  cent,  to  a  0.6  per  cent, 
grade  that  momentum  grades  were  used  freely,  but  the  general  grade- 
line  was  so  drawn  that  the  momentum  sections  could  be  eliminated  in 
the  future  by  increasing  the  heights  of  the  embankments,  when  financial 
and  traffic  conditions  would  warrant  the  additional  expenditure.  In 
some  of  these  instances  the  momentum  grade  was  continued  to  the  last 
theoretical  foot  of  height,  but  have  worked  with  uniform  success. 

While  I  am  not  an  advocate  of  the  indiscriminate  use  of  momentum 
grades,  I  believe  they  are  justifiable  and  even  advisable  under  certain 
conditions. 
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Prof.  Allen: — Material  of  that  sort  will  be  very  useful  to  the 
Committee,  and  I  hope  many  other  members  will  have  something  to 
say.     It  would  be  very  desirable  to  have  the  profiles  with  it. 

The  President : — In  another  case  of  57  miles  on  one  division  the 
grades  were  corrected  from  1.25  pe*r  cent,  to  0.7  per  cent.  The  country 
was  a  typical  cross-drainage  country,  with  long  and  deep  rolls.  I 
desired  to  use  a  0.7  per  cent,  grade,  but  found  it  economically  impossible 
without  the  use  of  momentums.  In  order  to  accomplish  the  result  I 
used  momentum  grades  of  i  per  cent,  in  long  stretches  of  ruling  grades 
after  having  ascended  on  the  ruling  grade  for  distances  up  to  3,000  feet 
from  the  foot  of  the  hills,  this  peculiar  modification  of  the  grade  being 
necessary  from  the  contour  of  the  country.  The  trains  are  operated 
over  these  districts  successfully  with  full  tonnage  for  0.7  per  cent,  grades. 

Are  there  any  other  members  present  who  can  give  some  informa- 
tion as  to  lines  of  work  of  that  kind  that  will  give  the  Committee  some 
ideas  and  lines  of  thought  to  work  upon;  or  if  the  members  have  not 
the  data  at  hand  now,  can  they  send  it  to  the  Committee? 

Mr.  D.  D.  Carothers  (Baltimore  &  Ohio)  : — It  would  be  difficult  to 
go  into  the  technical  matter  without  having  information  at  hand  to 
refer  to.  I  received  the  report  of  the  Committee,  but  in  some  manner 
it  was  misplaced  in  my  office,  and  I  did  not  get  another  copy  of  it  until 
I  came  here  this  evening;  hence,  I  have  had  no  opportunity  to  study 
the  paper.  The  preliminary  report,  which  I  presume  this  is,  as  a 
plan  laid  out,  is  on  admirable  lines,  and  undoubtedly  the  information 
will  be  of  very  great  value  to  us  when  we  have  an  opportunity  to 
digest  it  and  it  has  been  completed.  The  Baltimore  &  Ohio  Railroad 
has  made  many  dynamometer  tests  for  train  resistance  under  various 
conditions,  and  I  shall  be  glad  to  furnish  any  information  of  that  kind 
that  we  may  have  at  hand.  I  made  a  number  of  tests  a  few  years  ago 
on  one  of  our  divisions  where  we  had  0.3  per  cent,  grades  for  train 
resistance  under  temperature  that  brought  out  some  very  interesting 
facts,  which  I  shall  also  be  glad  to  furnish  the  Committee. 

While  I  have  not  had  an  opportunity  to  read  this  report,  I  presume 
the  Committee  has  taken  into  consideration,  of  course,  in  the  matter 
of  train  resistance,  the  character  of  equipment,  making  careful  .-nemo- 
randa,  so  that  they  know  the  type  of  equipment  that  is  being  used. 
The  character  of  cars,  journals,  wheels  and  rails  are  so  different  from 
what  we  have  had  under  the  formulas  that  we  now  use  that  it  would 
be  very  valuable  to  collect  this  data  from  experiments  brought  up  to  date. 
This  may  be  covered  thoroughly  in  this  report ;  if  not,  it  seems  to  me 
it  is  a  matter  which  should  be  taken  up. 

Prof.  Allen : — In  answer  to  Mr.  Carothers,  I  will  say  that  those 
are  the  things  that  we  now  want.  What  we  have  does  not  reach  matters 
of  that  sort.  We  have  brought  the  discussion  as  well  as  we  could 
somewhat  nearly  up  to  date.  We  have  gotten  together  the  best  informa- 
tion we  could  so  as  to  lay  the  foundations   for   exactly  what  has  been 
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suggested  and  we  will  be  only  too  glad  to  get  the  information  of  the 
sort  mentioned.  That  is  exactly  what  we  are  after  and  are  very  glad 
of  that   suggestion. 

The  President : — The  problem  confronting  the  Committee  is  one  not 
only  of  train  resistances — it  is  the  broad  economical  feature  of  location 
affecting  the  cost  of  operation  and  maintenance.  It  occurs  to  me  that 
facts  of  this  nature  would  assist  the  Committee.  In  considering  the 
effect  and  operating  value  of  curvature  on  a  i  per  cent,  grade-line  on 
our  road — single  track,  heavy  engines,  on  curves  of  3.5  to  5  degrees — 
it  was  found  that  in  a  period  of  ten  years  the  inside  rail  was  worn  out 
three  times,  and  the  outside  rail  was  taken  up  in  better  condition  at 
the  end  of  ten  years  than  the  last  lajnng  of  the   inside   rail. 

IMr.  J.  B.  Berry  (Chicago,  Rock  Island  &  Pacific)  : — They  made 
better  rail   in  those  days  than  they  do  now. 

The  President : — That  was  rather  soft  rail,  but  there  is  an  economic 
consideration  involved,  so  that  I  personally  consider  the  effect  of  curva- 
ture of  three  degrees  and  sharper  on  maximum  grade,  single  track,  at 
a  higher  operating  value  than  for  curves  of  less  than  three  degrees, 
taken  from  actual  ten-year  records.  Now,  the  ordinary  custom  is  to 
place  a  certain  value  on  curvature  per  degree.  You  are  all  familiar 
witii  Mr.  Berry's  admirable  report,  which  gives  a  certain  correction 
and  certain  operating  values ;  and  while  I  used  practically  the  same 
values  on  maximum  grades,  single  track,  for  curves  of  more  than  three 
degrees,  say  from  3.5  up,  I  added  an  additional  arbitrary  operating  value, 
because  I  'know  from  experience  that  the  rail  wear  and  tie  wear  alone 
add  an  additional  fixed  charge  to  the  maintenance,  and  I  have  no  doubt 
that  members  of  the  Committee  have  had  the  same  facts  brought  to  their 
attention,  and  I  merely  mention  that  as  some  of  the  features  that  the 
members  might  bring  up  to-night  to  assist  the  Committee. 

Mr.  D.  W.  Lum  (Southern  Railway)  :— What  superelevation  and 
what  speed  was  used  on  those  grades  ? 

The  President : — Fifty  miles  regularly  down  hill  and  7  miles  up  hill. 

Mr.    Lum: — The   superelevation? 

The  President : — Up  to  5.5  or  6  inches ;  it  was  freight  and  passenger 
trafi^c. 

]Mr.  M.  L.  Byers  (Missouri  Pacific)  : — Some  time  ago  we  had  up 
the  question  of  reducing  a  0.75  per  cent,  grade  to  a  0.3  grade-line,  and 
we  were  naturally  required  to  make  estimates  to  shov,'  what  gain 
we  could  make  from  that  reduction.  We  were  fortunate  in  !  aving 
at  one  point  on  our  road  a  0.3  per  cent,  grade  possibly  four  miles  in 
length.  We  thought  we  would  get  some  cars  on  that  grade  and  find 
out  just  what  our  engines  could  haul.  My  recollection  is  that  with 
loaded  coal  cars  we  started  on  the  grade  and  hauled  2,350  tons  gross 
at  a  speed  of  about  12  miles  an  hour.  We  changed  the  grades  and  put 
the  line  in  operation  with  the  reduced  grades,  starting  in  with  hauling 
2,350  tons   on   our   slow    freight   trains,   and   then    commenced  to    cut   it 
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down.  Finally,  after  a  year  of  experimenting  we  found  we  were  hauling 
about  1,900  tons  on  these  trains,  and  the  reason  that  the  cut  was  made 
was  that  the  overtime  became  so  great  we  had  to  reduce  the  train-load 
in  order  to  avoid  the  overtime.  As  we  studied  the  situation  we  had 
impressed  on  us  the  fact  that  the  distances  between  sidetracks  on  a 
single-track  line  was  a  matter  of  'very  great  importance.  We  took 
records  of  the  movement  of  trains  at  different  points — where  they 
entered  sidings  and  where  they  did  not  enter  sidings.  We  found  that 
apparently  20  minutes  at  least  were  lost  by  a  train  entering  and  leaving 
sidings,  cutting  out  absolutely  the  time  the  train  was  not  moving  on 
the  siding;  simply  taking  the  difference  in  time  in  passing  from  A  to  C. 
where  the  train  entered  the  siding  at  B.  as  compared  with  the  time 
when  it  did  not  enter  the  sidings  at  B.  So,  in  considering  the  whole 
matter  of  grade  reduction,  it  seem's  to  me  that  this  question  must  be 
kept  in  mind :  Should  the  passing  sidings  be  four  miles,  five  miles  or 
seven  miles  apart,  or  w-hat  is  the  economical  distance  which  will  enable 
us  to  make  the  maximum  use  of  the  grades  which  we  have?  If  w^e 
have  a  double-track  line  we  have  an  entirely  different  proposition  from 
the  single-track  line  on  the  maximum  grade.  We  would  have  been  able 
to  secure  the  maximum  benefit  from  a  0.3  per  cent,  line  if  we  had  a 
double  track  instead  of  a  single  track,  because  then  our  traiiis  would 
not  be  obliged  to  enter  sidings  so  frequently,  and  we  could  have  kept 
them  moving.  With  a  single-track  line  we  apparently  would  get  the 
same  results  with  a  0.35  per  cent,  grade  as  with  a  0.3  per  cent,  grade. 

Prof.  Allen : — There  is  another  element  which  might  have  entered 
into  your  experiment.  Where  a  special  experiment  is  made  one  is 
very  likely  to  get  much  better  results  than  can  be  got  in  ordinary 
practice.  In  talking  with  some  railroad  men  in  one  of  the  Railroad 
Clubs  the  statement  was  made  that  if  you  wanted  to  get  a  fine  record 
of  fuel  economy,  all  that  was  necessary  to  do  was  to  paint  the  smoke- 
stack blue  and  your  experiment  would  then  show  great  economy ;  so 
that  when  you  put  your  men  on  edge  to  see  what  they  can  do  in  hauling 
experimentally  a  train  up  a  0.3  per  cent,  grade,  you  probably  get  much 
better  results  than  will  be  regularly  obtained  in  practice,  and  it  is 
possible  that  this  consideration  may  have  had  some  influence  on  the 
experiment  that  was  related.  I  think  it  possible  that  this  may  have 
been   one   feature. 

Mr.  Byers: — I  would  say  that  is  true;  that  we  did  have  that  same 
trouble.  We  had  to  be  very  careful  to  put  some  one  to  watch  the 
brakemen  to  keep  them  from  setting  brakes  on  the  train  and  showing 
us  we  could  not  get  as  many  tons  on  the  grade  reduction  as  we 
believed  we  could  get. 

M'r.  Ewing: — This  brings  up  another  question  to  my  mind— that 
perhaps  the  tonnage  question  is  not  the  only  economical  one.  The  limit 
of  safe  length  of  train  is  very  often  a  governing  feature.  For  instance, 
on  our  main  line,  from  the  coal   regions  to   Philadelphia,  our   tonnage   is 
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3,200.  On  certain  tests,  in  order  to  see  what  the  engines  could  pull,  we 
pilled  5,400  tons.  The  safe  length  of  the  train  largely  governs  the  load 
in  this  case. 

Mr.  Berry : — As  illustrating  the  tonnage  proposition,  I  was  told  that 
one  day  down  at  Marshalltown,  Iowa,  the  conductor  had  a  certain 
tonnage  to  pull  up  the  hill,  and  the  engineer  insisted  he  could  not  pull  it. 
The  conductor  said,  "You  start  up  the  hill,  and  if  you  get  stalled,  I 
will  cut  the  train  in  two."  They  got  about  two-thirds  up  the  hill  and 
the  engineer,  in  a  desire  to  make  his  promise  good,  stalled  the  train. 
The  conductor  put  up  a  job  on  the  engineer.  As  soon  as  the  train  was 
stalled,  he  took  in  the  tail  lights.  When  the  engineer  said  he  could 
go  no  further  the  conductor  said  to  him,  "I  have  cut  the  train  in  two ; 
go  on."     The  engineer  then  pulled  the  whole  train  to  the  top  of  the  hill. 

From  statistics  taken  on  the  line  from  Omaha  to  Grand  Island,  a 
distance  of  154  miles,  single-track  railroad,  there  is  32  per  cent,  of  the 
schedule  time  lost  in  waiting  on  sidetracks.  It  was  taken  for  a  period 
of  three  separate  months  and  shows  the  time  lost  on  sidetracks. 

Mr.  Carothers : — A  few  years  ago  I  was  Superintendent  of  the 
Chicago  Division  of  the  Baltimore  &  Ohio  Railroad.  We  had  two  train 
districts,,  one  128  and  the  other  131  miles.  The  grade  had  been  reduced 
to  0.3  per  cent.,  westbound,  which  is  the  loaded  movement.  We  had 
a  great  deal  of  double  track  on  the  eastern  train  division,  giving  very 
much  better  facility  than  we  had  on  the  western.  We  found  it  abso- 
lutely necessary  to  reduce  the  tonnage.  We  found  an  equalizing  point 
where  it  was  economy  to  reduce  the  tonnage  on  the  western  division 
rather  than  pay  overtime,  and  there  is  no  doubt  that  is  a  factor  to  be 
taken  into  consideration.  I  do  not  believe  it  is  a  problem  that  the 
Committee  can  deal  with,  more  than  to  call  attention  to  it,  because  it 
might  mean  100  tons  or  500  tons  reduction,  depending  entirely  on  the 
character  of  the  facilities  furnished. 

There  is  another  point  I  wish  to  mention.  The  questions  submitted 
to  this  Committee  and  referred  to  by  the  chairman,  seem  to  be  very 
broad  when  all  of  the  economics  of  railroads  are  considered  that  may 
belong  to  maintenance,  construction  or  any  other  feature,  and  it  would 
seem  to  involve  practically  the  work  of  all  the  other  committees.  There 
should  be  some  restriction  as  to  what  work  this  Committee  is  going  to 
do ;  otherwise  they  will  encroach  on  the  work  of  many  of  the  other 
committees  unless  the   work  is  properly   divided. 

There  is  one  feature  that  undoubtedly  has  been  brought  to  the 
attention  of  those  in  charge  of  maintenance  of  railroads,  and  that  is 
the  great  cost  of  maintaining  embankments  under  present  methods  of 
construction  with  the  present  loads  put  upon  them.  It  seems  to  me 
that  is  a  question  of  roadway,  and  the  Roadway  Committee  should  take 
it  up  rather  than  this  Committee,  as  to  how  that  should  be  carried  on. 
This  Committee  seems  to  me  to  have  been  working  on  proper  lines  in 
taking  up  train  resistances  as  it  may  be  applied  to  the  various  character 
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of  equipment  and  to  the  curvature  grades,  and  all  of  these  features,  if 
they  are  worked  out,  will  be  of  great  assistance  to  all  railroads  consid- 
ering revising  their  lines. 

Prof.  Allen : — It  is  proper  to  state  that  this  Committee  is  a  Com- 
mittee on  Economics  of  Railway  'Location,  and  the  question  of  the 
economy  of  maintenance  would  probably  be  a  m.atter,  it  would  appear, 
for  the  Roadway  Committee,  and  something  this  Committee  would  not 
attempt   to    touch. 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — I  think  this  discussion,  as 
far  as  it  has  gone,  is  leading  up  to  an  interesting  point,  and  one 
that  we  can  discuss  with  great  advantage,  a  question  concerning  which 
I  would  like  very  much  to  have  information  from  the  members  present, 
and  that  is:  What  is  the  economical  limit  of  grade  reduction?  We  have 
shown  very  conclusively  that  it  is  possible  to  reduce  the  grade  beyond 
the  limit  of  economy.  We  are  up  against  the  fact  that  we  desire  to 
reduce  grades  to  the  limit  of  possible  economy.  I  would  like  to  have 
the  practical  experience  here  of  some  of  the  members  on   this   subject. 

Mr.  Berry: — If  Mr.  Baldwin  will  write  a  paper  about  that  part 
of  the  subject  he  will  receive  enough  criticism  so  that  he  will  get  a  good 
deal  of  information. 

Mr.  Baldwin: — I  want  the  Committee  to  put  itself  in  shape  for  a 
little  criticism. 

Prof.  Allen : — There  was  one  point  the  Committee  desired  to 
emphasize  and  that  is  different  operating  divisions  on  different  railroads, 
or  even  different  operating  divisions  of  the  same  road,  will  oftentimes 
give  different  results,  and  special  studies  need  to  be  made  even  on  the 
same  road  of  conditions  on  different  operating  divisions,  so  that  what- 
ever experiments  are  made  on  train  resistances,  for  instance,  might 
need  to  be  made  by  the  same  road  under  different  conditions  for  main 
line  and  for  important  branches ;  for  main  line  with  no  grades  and  long 
trains ;  for  other  lines  with  high  grades  and  short  trains ;  so  that  the 
different  conditions  of  operation  would  necessarily  have  a  good  deal 
of  influence  over  results  that  would  be  reached. 

Mr.  S.  B.  Fisher  (Missouri,  Kansas  &  Texas)  : — I  have  nothing 
much  to  say  this  year,  but  hope  to  have  something  to  say  next  year  on 
the  subject.  We  have,  however,  on  one  branch  in  Texas,  which  was 
originally  1.5  per  cent.,  with  12  and  13  degree  curves ;  we  reduced  the 
grade  to  i  per  cent.,  with  4  degrees  maximum  curvature,  and  laid  a 
heavier  rail,   and  the  same  engines   haul  double  their  tonnage. 

Mr.  Berry : — I  do  not  know  whether  Mr.  Baldwin  came  in  late 
or  not  this  evening,  but  the  Committee  has  the  matter  to  which  he 
refers  under  investigation,  and  hopes  to  be  able  to  enlighten  him  a 
little  on  that  question  at  the  next  meeting.  The  Committee  certainly 
will  be  glad  to  hear  something  about  it.  It  is  a  mooted  point  with  me, 
as  some  of  the  questions  I  am  asked  are  exceedingly  difficult,  and  I 
should  be   as  much   pleased   as   he  would   be,   or   any  other  member   of 
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this  Association,  if  we  could  put  that  on  a  basis  which  would  enable 
us  .to  know  what  we  were  talking  about.  We  certainly  hope  to  give  the 
Association  some  of  that  information  at  our  next  meeting. 

Mr.  W.  L.  Breckinridge  (Chicago,  Burlington  &  Quincy)  : — The 
Burlington  has  expended  a  large  amount  of  money  in  grade  reduction 
in  the  past  few  years.  The  latest  work  has  been  in  reducing  grades  of 
about  I  per  cent,  to  0.3  per  cent,  and  curvature  on  such  revisions  to  i 
degree.  On  a  0.3  per  cent,  grade  we  expect  an  engine  of  35,000  lbs. 
tractive  power,  a  type  of  heavy  engine,  to  pull  3,000  tons.  This  means 
3,000  tons  where  the  tonnage  is  in  the  minimum  number  of  cars.  This 
tonnage  cannot  be  made  up  of  empty  cars,  as  the  resulting  train  would 
be    too    long    for    practical    operation. 

In  regard  to  momentum  grades,  we  put  them  in  for  economical 
reasons.  One  point  to  be  considered  in  connection  with  new  lines  is 
that  it  may  be  some  time  before  the  track  will  be  in  condition  for  the 
assumed  rate  of  speed,  and  during  this  interval  the  operation  of  the 
road  would  be  limited  by  the  actual  rate  of  grade  which  was  only  sup- 
posed to  be  a  virtual  grade. 

The  grades  which  were  reduced  to  a  0.3  basis  last  year  have  up  to 
the  present  time  been  operated  on  a  0.4  basis  on  account  of  the  poor 
condition  of  the  track,  caused  by  new  grade  and  soft  roadbed.  Since 
the  construction  of  that  road  the  business  has  not  been  as  large  as 
anticipated,  and  we  have  nothing  to  show  the  results  of  momentum 
grades  from  actual  service.  Test  trains  have  proved  that  they  are  not 
beyond  the  limit.  As  far  as  I  know  there  has  been  no  trouble  in  the 
engines  hauling  their   rating. 

Mr.  Duncan  MacPherson  (Transcontinental  Railway)  : — We  have 
adopted  a  maximum  0.4  grade  against  the  traffic,  with  compensated 
curvature.  We  have  about  80  miles  under  construction  at  present,  but 
have  not  operated  any  of  it  yet,  so  that  I  cannot  give  any  details  of 
operation  on  our   line. 

Mr.  J.  E.  Willoughby  (Louisville  &  Nashville)  : — We  are  doing  a 
great  deal  of  work  in  the  reduction  of  grades,  but  we  have  not  yet 
finished  tabulating  our  statistics.  I  had  hoped  to  have  these  statistics 
ready  for  this  meeting,  but  the  construction  work  was  delayed  during 
the  winter  and  we  were  unable  to  get  this  information.  I  think  we 
can    give    it    later. 

Mr.  A.  S.  Baldwin  : — I  ask  Mr.  Breckinridge  what  was  the  original 
grade  that  he  reduced  from,  and  if  his  engines  have  developed  tonnage 
rating  in   proportion   to   the    reduction? 

M'r.  Breckinridge : — The  grades  which  have  been  reduced  to  0.3 
were  originally  0.8  to  over  i  per  cent.  The  anticipated  capacity  of 
engines   on   a  0.3   grade  has   been   realized   from   actual   service. 

Mr.  C.  C.  Anthony  (Pennsylvania  Railroad)  : — I  do  not  know 
whether  it  is  proper  for  a  signal  man  to  intrude  on  this  discussion, 
but   it   occurs   to   me   that   the    relation   of    signals   to   the    movement    of 
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trains  might  have  some  bearing  on  the  work  of  this  Committee.  If 
the*  Committee  has  not  troubles  enough — quite  enough  unknown  vari- 
ables to  deal  with — I  might  be  able  to  inject  one.  In  dealing  with 
the  location  of  signals  at  interlocking  plants,  and  for  block  signal  pur- 
poses, we  frequently  get  up  against*  the  Superintendent's  objection  to 
the  location  of  a  signal  at  a  certain  point.  Of  course,  a  signal  is  usually' 
located  because  it  is  sometimes  4iecessary  to  stop  a  train  at  the  poin^ 
where  the  signal  is  placed.  The  Superintendent  says,  "I  cannot  have 
a  signal  there,  because  if  I  stop  one  of  my  trains  there,  it  will  not 
be  able  to  start  again."  My  suggestion  is  that  possibly  there  is  a 
chance  for  the  Committee  in  considering  this  question  to  take  into 
account  the  necessary  location  of  signals  upon  the  grades,  with  a  view 
of  having  the  conditions  such  that  the  trains  can  be  started  again 
when    they    must    be    Stopped. 

Prof.  Allen : — In  connection  with  the  use  of  momentum  grades,  a 
picture  that  has  presented  itself  to  my  mind  is  a  road  of  dense  traffic 
with  automatic  signals  which  occasionally  get  out  of  order,  and  it 
has  seemed  to  me  that  under  those  conditions  a  momentum  grade 
would  be  very  likely  to  turn  out  almost  an  unmixed  evil,  but  momentum 
grades  under  favorable  circumstances,  where  the  traffic  is  not  dense,  may 
be  very  desirable.  The  Committee  on  Roadway,  of  which  I  was  a 
member  at  that  time,  before  the  creation  of  this  present  Committee, 
gave  some  attention  to  the  subject,  and  was  somewhat  cautious  in  giving 
its  approval  to  momentum  grades.  I  think  the  position  taken  at  that 
time  was  that  momentum  grades  in  new  location  should  be  used  some- 
what sparingly,  or  at  least  with  a  great  deal  of  care ;  that  even  in 
revising  location,  momentum  grades  oftentimes  might  be  undesirable, 
and  it  was  then  a  question  of  a  choice  of  evils — short  trains  or  the 
use  of  momentimi  grades — and  in  many  cases  momentum  grades  seemed 
to  be  advisable.  My  personal  opinion  still  is  that  in  new  work  the 
saving  of  a  small  amount  of  money  certainly  should  '  not  justify  a 
momentum  grade ;  that,  if  possible,  the  actual  grades  should  be  brought 
down,  but  in  a  revision  of  line  there  certainly  are  cases  where  the 
use  of  momentum  grades  seems   to  be  practically  a   necessity. 

The  President: — The  chair  would  like  to  suggest  that  the  effect 
on  operation  of  a  stop,  on  a  line  where  the  engines  are  loaded  up  to 
their  maximum  tractive  effort,  is  the  same  for  a  momentum  grade  as 
would  be  observed  upon  ruling  grades  with  signals  on  the  ruling  grade. 
TJie  effect  is  the  same  upon  operation.  I  think  the  remarks  of  Mr. 
Anthony  are  well  timed.  I  know  of  one  particular  case  where  an  entire 
improvement  was  held  up  for  some  time  because  we  were  unable  to 
adjust  the   proper  location  of  the   signals   on  the   ruling  grades. 

The  discussion  has  reached  an  interesting  point,  and  I  dislike  to 
close   the  session   if  there   are   any   more   remarks   on   the   subject. 

Mr.  Bj'ers : — I  can  give  one  example  of  the  effect  of  the  use  of 
momentum  grades.     We  have  one  division  which  has  0.6  per  cent,  maxi- 
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mum  grade,  and  we  propose  to  reduce  that  division  to  a  0.3  per  cent, 
maximum  grade,  without  changing  a  single  grade  from  one  end  of  the 
division  to  the  other.  We  will  simply  change  the  location  of  the  pass- 
ing sidings. 

Mr.  Berry : — What  is  the  rate  of  grade  where  you  intend  to  place 
the  new  passing  sidings? 

Mr.  Byers : — Practically  dead  level.  The  line  passes  through  bottom 
lands,  and  the  towns  are  on  a  slight  elevation,  and  naturally  the  passing 
sidings  have  been  placed  at  the  town.  There  is  a  0.6  grade  leading 
from  the  low  bottom  land  up  to  this  little  elevation,  and  there  is  just 
room  in  that  between  the  two  c.6  per  cent,  grades,  on  either  side  of 
the  town,  to  place  the  passing  siding.  By  placing  the  sidings  on  the 
low  grounds  we  get  away  from  the  0.6  per  cent,  proposition  entirely. 
The  grades  are  all  short  and  there  is  no  difficulty  in  operating  the  line 
on  a  dead  level. 

Mr.  A.  S.  Baldwin : — Mr.  Byers  mentions  a  point  well  worthy  of 
consideration.  In  considering  grade  reduction  I  know  of  cases  where 
if  momentum  grades  were  left  in  a  nice  earning  would  be  shown  on 
the  investment,  but  if  momentum  grades  were  eliminated  no  earning 
could  be  shown  on  the  investment.  We  have  made  it  a  practice  in 
considering  grade  reduction  to  run  over  the  division  a  test  train  carry- 
ing the  maximum  tonnage  that  was  expected  to  be  handled  on  the 
division  after  the  grades  were  reduced,  and  making  every  stop  that 
it  could  be  possibly  expected  the  train  would  have  to  make  after  the 
grade  reduction,  and  wherever  we  negotiated  proposed  momentum  grades 
with  a  speed  of  ten  miles  an  hour,  we  left  them  in.  In  not  a  single 
case  have  we  had  to  reduce  any  momentum  grades  that  were  so  left 
in,  and  there  was  an  actual  saving  effected  of  a  large  amount  of  money. 
It  may  be  that  other  conditions  will  arise,  such  as  the  placing  of 
signals,  or  interpolation  of  passing  tracks,  or  water  tanks,  etc.,  that 
will  necessitate  stopping  where  the  momentum  grade  may  exist ;  but  it 
must  be  borne  in  mind  that  the  grades  can  be  reduced  later  if  rendered 
necessary,  and  that  in  the  meantime  the  interest  on  the  investment  has 
been  saved  probably  for  a  good  many  years.  It  is  for  that  reason  that  1 
think  the  idea  of  momentum  grades  should  be  given  careful  consideration. 
I  agree  with  Prof.  Allen  that  it  is  a  risky  practice  on  new  construction, 
and  that  momentum  grades  should  be  used  with  great  care  on  new  work, 
and  never  used  except  at  points  where  the  saving  effected  is  great,  and 
they  could  be  taken  out   in   future  at   comparatively   small   expense. 

The  President: — The  chairman  will  read  the  conclusions,  if  there 
is  no  further  discussion. 

Prof.  Allen : — I  have  read  the  conclusions.  My  understanding  is 
that  no   action  on   these  is   necessary. 

The  President: — The  Committee  states  that  it  sees  no  reason  for 
taking  action  on  the  conclusions,  as  this  is  really  a  preliminary  report. 
There  being  no  further  discussion,  the  Committee  will  be  relieved,  with 
the  thanks   of  the  Association. 


REPORT   OF   COMMITTEE    NO.   VI— ON  BUILDINGS. 

To  the  Members  of  the  American  Raikvay  Engineering  and  Maintenance 
of  Way  Association: 

In  harmony  with  the  instructions  printed  in  Bulletin  No.  74,  your 
Committee  on  Buildings  begs  to  submit  the  following  report: 

A  meeting  of  the  Committee  was  held  in  the  office  of  the  Secretary 
of  the  Association  on  October  30th,  at  which  A.  R.  Raymer,  Chairman, 
Maurice  Coburn,  Vice-Chairman,  O.  P.  Chamberlain,  C.  H.  Fake  and 
J.  S.  Metcalf  were  present,  at  which  time  the  work  for  this  report  was 
taken  up  in  detail  and  outlines  were  defined  for  work  to  be  done  by 
each  member. 

On  December  6th  another  meeting  was  held  in  the  same  office, 
at  which  A.  R.  Raymer,  Chairman,  Maurice  Coburn,  Vice-Chairman, 
and  O.  P.  Chamberlain  were  present,  at  which  time  the  report  was 
further  discussed. 

SUMMARY  OF  COMMITTEE  REPORTS. 

The  last  report  (see  Vol.  7,  page  625)  bearing  on  (I)  The 
relative  advantages  and  disadvantages  of  circular,  square  or  other  special 
designs  of  roundhouses  and  the  recommended  general  principles  of 
practice  as  to  the  conditions  influencing  the  choice  of  any  particular 
design;  (II)  Smoke-jacks,  various  designs  and  material,  life,  cost  and 
recommended  practice,  and  on  (III)  Roundhouse  doors,  description  of 
the  various  designs,  and  recommended  practice,  was  adopted  as  sub- 
mitted, and  the  conclusions  have  been  printed  in  the  supplement  to 
Manual  of  Recommended  Practice.     (See  Bulletin  No.  79,  page  25.) 

Your  Committee  has  carefully  reconsidered  its  arguments  and  con- 
clusions presented  to  the  convention  in  its  last  report  and  wishes  to 
affirm  the  conclusions. 

In  Vol.  7,  page  626,  is  a  statement  of  the  advantages  in  favor  of  a 
circular  roundhouse.  The  Committee  in  stating,  under  item  "K,"  that 
"at  the  expense  of  roofing  over  the  turntable,  the  loss  of  heat  by  open 
doors  may  be  reduced  to  a  minimum,"  does  not  wish  to  be  understood 
as   recommending  the  construction  of  this   roof,   as  it  is  convinced  that 
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the  saving  in  heat  will  not  justify  the  expense  of  the  roof.  In  the  same 
report  (Vol.  7,  page  631)  the  "Conclusion"  on  Roundhouse  doors,  de- 
scription of  the  various  designs  and  recommended  practice,  is  "Round- 
house doors  should  be  made  of  non-corrosive  material ;  they  should  be 
easily  operated,  fit  snugly,  be  easily  repaired  and  maintained,  and  should 
admit  of  the  use  of  small  doors." 

This  is  still  thought  to  be  the  description  of  a  perfect  door,  but 
as  it  apparently  excludes  some  of  the  best  designs  of  doors  now  in  use, 
your  Committee,  after  additional  experience  and  further  investigation, 
wishes  to  recommend  the  use  of  rolling  slat  doors  in  roundhouses  where 
steam  and  smoke  are  not  allowed  to  escape  into  the  house.  (In  the 
opinion  of  your  Committee,  proper  roundhouse  practice  requires  adequate 
provision  to  prevent  the  escape  of  steam  and  smoke  into  the  round- 
house.) 

Referring  to  the  discussion  on  page  639,  Vol.  7,  on  gradient  of 
tracks  leading  from  roundhouse  stalls  to  the  turntable,  your  Committee 
has  obtained  the  result  of  the  best  experience  on  several  of  the  largest 
systems  in  this  country,  and  has  found  no  good  reason  for  changing 
from  the  established  practice  of  making  these  tracks  level. 

CURRENT    PRACTICE    AND    DESIGNS    FOR    LOCOMOTIVE 
COALING  STATIONS. 

In  reporting  on  the  current  practice  and  designs  for  locomotive 
coaling  stations  showing  typical  plans,  with  discussion  of  the  salient 
features  of  each,  reference  is  made  to  Vol.  3,  pp.  149-163. 

A  locomotive  coaling  plant  should  minimize : 

Delays   to   engines   while   coaling. 
Delays  to  coal  cars. 
The   cost   of   handling   coal. 

Sometimes   it   is   also   desired   to   accurately  measure   the   coal   as 
delivered   to    locomotives. 

An  ample  storage  capacity  insures  against  delays,  due  to  interrup- 
tion of  coal  supply,  to  bunching  of  engines  and  to  breakdowns,  derail- 
ments and  necessary  repairs.  At  important  points,  it  is  sometimes 
desirable   to    provide   duplicate   machinery. 

The  roundhouse  track  arrangement  should  be  as  compact  as  pos- 
sible and  at  the  same  time  allow  the  necessary  free  movement.  The 
question   of   the   proper   location   of   the   coaling   plant   with    reference   to 


BUILDINGS.  257 

the  cinder  pit  depends  upon  the  type  of  plant  adopted.  In  cold  weather, 
delay  to  the  engine'  after  the  fire  is  cleaned  is  liable  to  cause  leaking, 
though  some  of  the  trouble  attributed  to  this  cause  is  probably  due  to 
an  unwise  use  of  the  injector.  Some  handle  cinders  with  the  machinery 
for  handling  coal.     This  practice  is,'  however,  not  recommended. 

The  importance  of  providing  storage  room  so  as  to  cut  down  the 
delay  of  cars  as  much  as  possible  is  ordinarily  underestimated.  One 
day's  storage  in  cars  of  locomotive  coal  for  the  Pennsylvania  System 
costs  more  than  $300,000.00  a  year,  figuring  that  the  cars  are  worth 
only  one  dollar  a  day  each.  An  expenditure  of  $4,000,000.00  would  be 
justified  to  avoid  holding  two  days'  supply  of  coal  in  cars,  considering 
that  the  structure  costs  15  per  cent,  of  the  original  cost  for  interest. 
depreciation   and  maintenance. 

Figuring  40  tons  to  the  car,  storage  in  cars  costs  2J/2  cents  per 
ton  per  day,  and  an  expense  of  $61.00  a  ton  is  justifiable  to  avoid  it. 
Ordinarily,  storage  in  the  bin  is  much  cheaper  than  in  cars,  yet  the 
usual  practice  is  to  keep  from  one  to  five  days'  supply  stored  in  cars 
at  the  different  plants. 

Theoretically,  a  coaling  plant  should  be  designed  to  take  care  of 
all  the  coal  to  be  held  for  emergencies,  so  that  cars  can  be  released 
promptly  upon  arrival.    This  is,  of  course,  not  always   feasible. 

All  plants  for  self-clearing  cars  should  have  the  hoppers  wide 
enough  so  that  the  coal  can  be  shoveled  from  fiat  bottom  cars  by 
hand,  if  desired,  and  so  that  side  dump  cars  can  be  used. 

Self-clearing  cars  can  be  unloaded  into  a  hopper  for  at  least  six 
cents  a  ton  less  than  the  cost  of  unloading  flat  bottom  cars  by  hand. 
Using  fifteen  per  cent,  per  annum  of  the  original  cost  as  the  cost  of  the 
plant,  an  expense  of  $146.00  is  justified  to  save  handling  one  ton  a 
day   by   hand. 

In  the  following  statements,  the  figures  which  are  not  available 
have  been  estimated.  In  order  to  make  a  fair  comparison,  we  have 
assumed  that  it  is  desirable  to  hold  at  the  plant,  either  in  cars  or  on 
the  ground,  a  total  of  three   days'   supply. 

The  figures  presented  are  of  value  in  a  general  way  only.  We 
have  used  ten  per  cent,  of  the  original  cost  for  interest  and  deprecia- 
tion for  all  plants,  independent  of  the  character  of  construction.  Con- 
sidering the  present  rate  of  development,  the  necessary  changes  in 
terminals,  etc.,  this  is  believed  to  be  none  too  high.  A  good  many  of 
the  plants  reported  have  not  been  in  operation  long  enough  and  the 
length  of  time  over  which  the  costs  extend  is  too  short,  in  most  cases, 
17 
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to  make  the  maintenance  figures  reHable.  The  lack  of  uniformity  in 
the  collection  of  the  statistics  and  the  varying  conditions  under  which 
they  were  prepared,  make  any  close  comparisons  of  little  value.  They 
indicate  how  much  a  slight  variation  in  the  conditions  not  generally 
considered  can  affect  the  cost.  In  considering  this  question,  it  should 
be  remembered  that  a  saving  of  dollars  per  year  for  the  railroad  and 
not  cents  per  ton  for  the  individual  plant  is  the  result  to  be  aimed  at. 

DESCRIPTION     OF     PLANTS. 

Where  the  quantity  of  coal  handled  is  small  and  especially  at  ter- 
minal points  where  the  engines  lie  over  night  and  the  coaling  can  be 
done  by  the  hostler  or  watchman,  coaling  direct  from  the  cars  is  the 
cheapest.  This  work  can  be  aided  by  elevating  the  track  on  which 
the  coal  cars  stand,  from  two  to   four  feet  above  the  locomotive  track. 

Shoveling  from  the  coal  car  direct  into  the  locomotive  has  the 
advantage  that  it  delivers  the  coal  in  the  best  possible  condition. 
Crushing,  due  to  handling,  is  kept  at  a  minimum  and  large  lumps  can 
be  broken  up  ready  for  the  fire  by  the  shoveler.  The  tendency  of  large 
bins   to  separate   the   slack   from  the   lumps   is   avoided. 

COALING  FROM  CARS  AND  JIB  CRANE  TYPE. 
(See  Plate  No.  1.) 
Where  the  engines  are  needed  as  soon  as  they  can  be  cared  for, 
where  they  come  bunched  or  where  the  hostlers  cannot  do  all  the 
coaling  in  connection  with  their  other  work  at  the  time  desired,  it  is 
recommended  that  there  be,  in  addition  to  the  elevated  track,  an  ele- 
vated platform  with  buckets  of  about  one  ton  capacity  into  which  coal 
can  be  shoveled  at  different  times,  these  buckets  to  be  raised  by  a  jib 
crane  which  can  be  operated  by  hand  or  by  air  from  the  engine,  and 
to  be  emptied  when  the  engines  come  too  fast  for  the  men  to  take 
care  of  them.  By  this  method  the  cost  can  be  kept  down  to  almost 
that  of  coaling  direct  from  the  cars  into  the  engines.  These  buckets 
can  be  used  for  emergency  coaling  stations  en  route  where  coal  is 
only  occasionally  required.  By  having,  instead  of  buckets,  small  dump 
cars  on  an  elevated  platform  and  the  coal  car  track  elevated  con- 
siderably above  the  track  on  which  the  locomotive  stands,  more  engines 
can  be  coaled  quickly. 
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THE     WILLIAMS-WHITE    TYPE. 
(See  Plate  No.   2.) 

By  still  further  increasing  the  elevation,  the  shoveling  can  be  done 
directly  into  bins,  by  which  the  amount  stored  can  be  increased  and 
a  larger  number  of  engines  accommodated  promptly.  These  bins  can 
be  filled  with  different  amounts  of  coal,  so  that,  by  selecting  the  bin, 
the  amount  needed  can  be  obtained. 

With  all  of  these  designs,  flat-bottom  cars  are  practically  necessary. 

The  cost  per  ton  of  handling  coal  at  four  plants  on  one  division 
where  the  coal  is  shoveled  from  the  cars  into  locomotives  at  three 
points  and  into  small  dump  cars  at  a  fourth,  gives  the  following 
averages : 

Tons   handled   per   day 157 

Interest  and  depreciation 0.2  cent 

Operation     10.4  cents 

Maintenance    o.i  cent 

Car    storage    6.6  cents 

Total  cost  per  ton 17.3  cents 

One  plant  handling  twelve  tons  per  day  with  a  jib  crane  costs 
as   follows : 

Interest  and  depreciation   1.4  cents 

Operation   12.3  cents 

Maintenance     (Est.)     2.0  cents 

Car  storage   7.5  cents 

Total  cost  per  ton 23.2  cents 

Another  plant  handling  13  tons  a  day  with  buckets  and  a  jib  crane 
had    charges    as    follows : 

Interest  and  depreciation   1.7  cents 

Operation    20.6  cents 

Maintenance    2.2  cents 

Car  storage   7.5  cents 

Total    cost    per    ton 32.0  cents 

Four  plants  on  another  railroad  handling  coal  shoveled  into  small 
dump  cars  show   an   average   cost   for   nine   months   as    follows : 

Tons    handled    per    day 235 

Interest   and   depreciation    0.8  cent 

Operation      10.3  cents 

Maintenance    0.5  cent 

Car    storage    6.2  cents 

Total    cost    per    ton .' 17.8  cents 
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Another  railroad  having  five  trestle  plants  at  which  the  coal  had 
to  be  shoveled,  shows  the  average  cost  as  follows : 

Tons   handled    per   day 133 

Interest  and  depreciation  (Est.) i.o  cent 

Cost   of   operation    11.3  cents 

Maintenance    (Est.)     0.5  cent 

Car    storage 4.7  cents 

Total  cost  per  ton 17.5  cents 

THE  TRESTLE   TYPE. 
(See  Plate  No.  3.) 

The  next  step  is  the  construction  of  the  high  trestle  with  the  coal 
car  track  on  top  of  the  storage  bins,  thirty  or  forty  feet  above  the 
engine  track.  The  cost  of  switching  is  increased,  but  by  the  use  of 
self-clearing  cars  the  cost  of  delivering  coal  from  the  cars  to  the  bin 
can  be  almost  entirely  eliminated.  The  maximum  grade  of  the  approach 
desirable  is  usually  considered  as  five  per  cent.  Where  the  coal  is  not 
shoveled,  this  type  of  plant  keeps  the  breakage  of  the  coal  at  a  mini- 
mum of  all  plants   where  the  coal   is  not   shoveled   by  hand. 

In  considering  the  expense  of  operating  these  plants,  the  cost  of 
placing  the  cars  on  the  trestle  by  a  locomotive,  an  expensive  and  dan- 
gerous   operation,    is    not    ordinarily    included. 

Six  trestles  on  one  railroad  for  ten  months  give  the  following 
figures : 

Tons    handled   per   day 305 

Interest  and  depreciation   0.5  cent 

Operation   3.1  cents 

Maintenance    0.5  cent 

Car    storage    (Est.) 5.0  cents 

Total    cost    per    ton 9.1  cents 

About  ninety  per  cent,  of  the  cars  handled  at  these  plants  were 
self-clearing. 

Two  plants  operating  for  one  month  on  another  road  give  the 
following   information : 

Tons   handled   per   day 370 

Interest   and   depreciation    (Est.) 1.2  cents 

Operation 6.  i  cents 

Maintenance   (Est.)    0.6  cent 

Car    storage    4.3  cents 

Total    cost    per    ton 12.2  cents 
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Seventeen  plants  on  another  road  operated  with  all  self-clearing 
cars  for  one  month  show  as  follows : 

Tons   handled  per   day 444 

Interest   and   depreciation    (Est.) 0.8  cent 

Operation     3.6  cents 

Maintenance   (Est.)    0.4  cent 

Car    storage    (Est.) 5.0  cents 

Total  cost  per  ton 9.8  cents 

One  plant  of  this   type   for   nine   months   shows   a   cost   as    follows : 

Tons   handled   per   day ^^ 

Interest  and  depreciation   2.3  cents 

Operation     2.8  cents 

Maintenance    o.i  cent 

Car    storage    (Est.) 5.0  cents 

Total    cost    per    ton 10.2  cents 

Seventy-five    per    cent,    of   the    cars    used    were    self-clearing. 

POWER-OPERATED    TRESTLE    TYPE. 
(See  Plate  No.  3.) 

Instead  of  using  a  locomotive  to  place  the  cars,  these  plants  can 
be  equipped  with  a  hoisting  engine,  allowing  the  use  of  a  twenty  per 
cent,  grade.  The  machinery  costs  less  than  the  trestle  approach,  much 
ground  space  can  be  saved,  and  the  operation  is  cheaper  and  safer  when 
the  cost  of  switching  is  considered.  This  type  ordinarily  increases  the 
possibilities  of  providing  storage  room  and  does  away  with  a  con- 
siderable  liability   to    accident. 

One  plant  of  this  type  in  operation  for  three  months  costs  as 
follows : 

Tons   handled   per   day 264 

Interest    and    depreciation 1.7  cents 

Operation     3  5  cents 

Maintenance    (Est.) .  ■  •  0.8  cent 

Car    storage    (Est.) 5.6  cents 

Total    cost    per    ton 1 1.6  cents 

Five  of  these  plants,  handling  166  tons  per  day,  show  costs  as 
follows : 

Interest  and  depreciation    2.7  cents 

Operation     5.1  cents 

Maintenance    (Est.)    1.3  cents 

Car  storage 0.0  cent 

Total  cost  per  ton 9.1  cents 
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These  plants  had  a  large  proportion  of  self-clearing  cars.        ^ 

Fifty-five  of  these  plants  on  one  system  average  as   follows : 

Tons   handled   per   day 82 

Interest    and    depreciation 2."]  cents 

Cost    of    operation 7.0  cents 

Maintenance 0.9  cent 

Car   storage    37  cents 

Total    cost    per    ton 14.3  cents 

These  figures  are  for  one  month,  in  which  from  sixty  to  seventy  per 
cent,  of  the  cars  were  self-clearing. 

Where  more  than  two  tracks  are  to  be  served,  and  the  necessary 
room  is  available,  the  coal  car  track  can  be  put  at  right  angles  to  the 
locomotive  tracks.  In  some  cases,  where  it  is  desired  to  coal  on  four 
tracks    or    on    two    main    tracks,    duplicate    plants    are    constructed. 

The  trestle  types  are  handicapped  by  the  fact  that  the  structure 
must  sustain  heavily  loaded  cars  and  also  either  locomotive  engines 
or  have  power  available  to  raise  the  cars.  The  costs  per  ton  for  mainte- 
nance are  higher  than  is  generally  assumed,  and  if  a  fireproof  structure 
is  built,  it  would  be  expensive.  They  ordinarily  cannot  be  placed  in 
the  most  desirable  location,  and  are  not  available  in  many  cases  where 
the    room    is    cramped. 

'locomotive  crane  type. 
(See  Plate  No.  4.) 

At  terminals,  where  the  demands  are  not  too  great,  coaling  can 
be  done  by  means  of  a  locomotive  crane  handling  the  coal  direct  from 
tiat  bottom  cars  to  a  locomotive.  This  crane  can  also  help  switch  coal 
cars,  if  necessary,  and  can  handle  cinders  and  sand.  To  allow  the 
use  of  drop  bottom  cars,  a  pit  can  be  constructed  from  which  the 
crane  can  handle  the  coal.  To  avoid  delay  to  locomotives,  a  trestle 
can  be  constructed  on  which  the  crane  can  work,  so  that  it  can  load 
direct  into  bins,  in  which  a  fair  amount  of  storage  room  can  be  pro- 
vided. The  bins  are  not  protected  from  the  weather,  and  the  coal  and 
the  gates   are   liable   to  be   frozen   up. 

With  the  necessary  tracks,  the  pit  and  the  hoppers,  it  will  be  found 
that  this  sort  of  a  plant  has  a  considerable  first  cost.  Its  cost  of 
operation  depends  upon  the  work  which  can  be  provided  for  the  crane 
at  spare  times. 

Its    value    is    great    in    emergency    situations    and    at    points    where, 
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because  of  impending  changes,  the  construction  of  a  permanent  plant 
is   unwise. 

With  a  large  terminal,  where  a  conveyor  plant  is  used,  a  loco- 
motive crane  would  be  very  valuable  to  handle  cinders  and  sand  and 
also   coal   during   a   possible  breakdown   of   the   conveyor. 

The  practical  limit  of  a  locomotive  crane  is  said  to  be  about  70 
engines  a  day. 

The  fact  that  it  can  unload  direct  from  flat-bottom  cars  is  much 
in    its    favor. 

Three  of  these  cranes,  besides  handling  cinders,  show  the  following 
costs   for   two   years'   operation,   coaling   direct   from   cars : 

Average  tons  handled  per  day 195 

Interest   and    depreciation    1.5  cents 

Operation     3.9  cents 

Maintenance    0.5  cent 

Storage     7.5  cents 

Total  cost  per  ton 13.4  cents 

CLAM-SHELL    BUCKET    AND    TROLLEY    TYPE. 

A  type  of  plant  using  a  special  bucket  of  the  clam-shell  type  op- 
erated on  a  trolley  has  been  suggested.  This  can  handle  coal  direct 
from  a  pit  or  from  flat-bottom  cars  into  bins  over  the  tracks,  and 
can  also  handle  cinders.  While  this  device  has  not  yet  been  tried  for 
coaling  locomotives,  it  is  receiving  more  or  less  attention  and  will 
undoubtedly  be  tested  soon.  The  number  of  tracks  it  can  serve  is 
unlimited,  and  the  mechanism,  is  simple.  The  horse-power  required  is 
small  and  the  first  cost  is  not  excessive.  This  type  would  be  especially 
valuable  where  self-clearing  cars  cannot  be  regularly  obtained  and  where 
large  storage  is   desired. 

It  is  believed  that  with  a  plant  of  this  type,  coal  can  be  handled 
from  flat-bottomed  cars  at  a  reasonable  cost.  There  should  be  no 
difficulty  in  getting  an  actual  working  capacity  of  seventy-five  tons  an 
hour,  which  is  ordinarily   ample. 

THE    HOLMEN     TYPE. 

(See  Plate  No.   5.) 

When  the  space  is  more  or  less  limited  and  the  amount  of  coal  to 

be   handled   and   stored   is   not  too   great   and    deep    foundations    can   be 

constructed,    the    coal    can   be    lifted    into    bins    by    means    of    two    large 

buckets,  operating  opposite  each  other,  so-  that  when  one  is  lowered,  the 
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other  is  raised.  The  coal  is  dehvered  into  the  buckets  by  gravity  from 
the  bottom  of  a  pit  under  the  coal  car  track  through  a  gate  worked 
by  the  operator  of  the  bucket.  The  bucket  is  automatically  dumped 
into  the  bins  at  the  top.  It  requires  the  continuous  attention  of  a  man 
operating  it,  but  is  an  efficient  machine  where  the  requirements  are 
not  loo  great.  The  storage  room  in  the  bins  is  limited  by  the  fact 
that  this  plant  has  practically  but  one  point  of  delivery  into  the  bins. 
Six  plants  of  this  type  on  one  road  have  been  operated  for  ten 
months,   with   sixty-three  per   cent,   of  self-clearing  cars,    as    follows : 

Average  amount  used  per   day 247 

Interest   and   depreciation    1.9  cents 

Operation     4-5  cents 

Maintenance    0.5  cent 

Storage  in  cars    (Est.) 4.3  cents 

Total    cost    per    ton 1 1.2  cents 

Another  road's  average  for  one  plant  for  three  months  is  as  follows : 

Tons   handled   per   day 113 

Interest  and  depreciation 2.2  cents 

Operation     3.5  cents 

Maintenance    (Est.)    0.5  cent 

Storage     2.0  cents 

Total  cost  per  ton 8.2  cents 

Figures  from  a  third  road  for  one  plant  for  one  month,  using  about 
two-thirds   self-clearing   cars,    are    as    follows : 

Tons   handled  per   day 5° 

Interest    and    depreciation 3.8  cents 

Operation     S.y  cents 

Maintenance    (Est.)    0.5  cent 

Storage     2.5  cents 

Total  cost  per   ton 15.5  cents 

THE    LINK-BELT    TYPE. 
(See  Plate  No.  6.) 
The    bucket    conveyor    or    link-belt    type    requires    a    small    ground 
space,   has   great   flexibility    of    adjustment    to    suit    different    conditions, 
and   can   be   used    for   almost    any   situation    desired. 

With  the  softer  grades  of  bituminous   coal,   such    as  that   from   the 
Indiana  field,  these  plants  tend  to  break  up  the  coal. 
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Many  of  these  plants  are  in  operation,  and,  where  well  cared  for, 
they   are  giving   excellent   service. 

The  expense  of  power  and  repairs  are  not  great,  and,  where  the 
conditions  are  such  as  to  recommend  their  construction,  they  give  good 
service  at  a  reasonable  cost. 

The  average  from  one  plant  for  six  months  is  as  follows : 

Tons  handled  per  day 165 

Interest   and   depreciation    (Est.) 3.7  cents 

Cost  of  operation   2.7  cents 

Maintenance    (Est.)     i.o  cent 

Car    storage    4.4  cents 


Total    cost    per    ton 1 1.8  cents 

One  plant  having  five  years'   operation  shows   results   as  follows : 

Interest    and    depreciation 2.0  cents 

.    Operation     4-9  cents 

Maintenance    i.6  cents 

Storage    5-8  cents 


Total  cost  per  ton 14.3  cents 

Three  plants   on   another   road,    for   one   month,   which    handled    147 
tons    each    day,    show    as    follows : 

Interest  and  depreciation 2.5  cents 

Operation    37  cents 

Maintenance   (Est.)    10  cent 

Car  storage   4.1  cents 


Total  cost  per  ton 1 1.3  cents 

Four  plants  on  another  railroad  handling  an  average  of  345  tons 
per  day,  with  about  eighty  per  cent,  of  self-clearing  cars,  show  the 
following : 

Interest    and    depreciation 1.8  cents 

Operation   2.4  cents 

Maintenance    0.5  cent 

Car  storage   4.7  cents 


Total  cost  per  ton 9.4  cents 
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One  plant,  built  under  peculiar  conditions  and  provided  with 
scales,   shows  costs  as   follows  for  three  months : 

Tons  handled  per  day 450 

Interest  and  depreciation 11.6  cents 

Operation    2.8  cents 

Maintenance 2.1  cents 

Car  storage  1.9  cents 

Total  cost  per  ton 18.4  cents 

THE    ROBBINS    BELT    TYPE. 
(See  Plate  No.  7.) 

Plants  raising  the  coal  on  a  continuous  belt  of  rubber  and  cotton 
on  an  incline  of  about  thirty  degrees   are  coming  into   use. 

The  maintenance  cost  is  reasonable,  and  in  most  situations  it  can 
be  as  readily  fitted  in  as  any  other  type.  In  some  locations,  where 
ample  space  is  available,  a  better  storage  yard  for  coal  cars  can 
be  provided  with  this  than  by  any  other  type,  as  the  receiving  hopper 
can  be  placed  a  considerable  distance  from  the  storage  bins  in  any 
direction.  There  are  very  few  parts  of  this  which  can  get  out  of  order. 
The  ordinary  objection  to  this  type,  the  expense  of  belt  renewal,  is 
only  about  0.2  of  a  cent  per  ton,  a  comparatively  small  amount,  which 
makes  no  appreciable  difference  in  the  total  cost  of  maintenance. 

Four  belt  conveyor  plants,  operating  with  ninety  per  cent,  of  self- 
clearing  cars,  show   average  cost   for   ten   months   as   follows : 

Tons   handled    a   day 280 

Interest  and  depreciation 1.7  cents 

Operation     2.7  cents 

Maintenance    (including    0.2    cent    for    belt    re- 
newal)       0.5  cent 

Car    storage    4.4  cents 

Total  cost  per  ton 9.3  cents 

One  plant  shows  the   following  costs   for   a   year's   operation : 

Tons   handled   per   day 127 

Interest  and  depreciation 3.2  cents 

Operation 4.3  cents 

Maintenance    0.6  cent 

Car  storage   4.1  cents 

Total  cost  per  ton 12.2  cents 
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Another  plant  for  three  months  shows : 

Tons   handled   per   day 218 

Interest  and  depreciation 3.3  cents 

Operation    ». 3.1  cents 

Maintenance    (Est.)    0.5  cent 

Car    storage    0.0  cent 

Total  cost  per  ton 6.9  cents 


GENERAL     INF0RM.\TI0N. 

For  large  plants,  where  coal  is  delivered  in  self-clearing  cars  and 
an  unloading  hopper  is  used,  tracks  can  be  so  arranged  that  cars  can 
be  handled  by  gravity,  without  the  need  of  switch  engines,  decreasing 
the   cost  of   operation. 

A  locomotive  crane  as  an  auxiliary  for  handling  cinders,  sand  and 
coal  in  emergencies,  is  very  desirable. 

Although  most  roads  do  not  now  consider  it  necessary  to  weigh 
the  coal  accurately  as  delivered  to  locomotives,  some  plants  are  built 
with  this  provision.  Storage  bins,  holding  as  much  as  one  hundred 
tons,  on  scales,  are  used,  or  else  auxiliary  bins  on  scales,  with  a  capacity 
of  five  or  ten  tons,  are  placed  underneath  the  large  storage  bins.  The 
use  of  scales  is  sometimes  avoided  with  trestle  plants  by  providing 
small  auxiliary  pockets  in  which  the  measuring  can  be  done  by  volume. 
The    scales    add    considerably    to    the    cost. 

With  belt  or  bucket  conveyors,  the  bins  should  be  designed  so 
as    to   prevent   an    accumulation    of   slack. 

Slack  coal  in  considerable  masses,  which  is  not  moved  for  a  long 
time,    may    cause    spontaneous    combustion. 

If  it  collects,  it  will  finally  slide  out  in  large  masses,  so  that  one 
engine  may  be  furnished  with  a  very  considerable  amount  of  it,  in 
which  cases  the  performance  of  trains  is  seriously  interfered  with. 
This  trouble  can  be  prevented  by  designing  the  bins  with  hopper  bot- 
toms and  by  placing  the  points  of  delivery  into  the  bins  directly  over 
the  points  from  which  the  coal  is  taken.  The  slack  is  then  used  as 
it  is  delivered.  If  this  is  not  done,  the  slack  will  drop  directly  from 
the  points  of  delivery,  and  large  lumps  will  roll  to  the  mouth  of  the 
chutes. 

With  some  grades  of  coal,  where  run  of  mine  or  lump  is  used,  it 
is  necessary  to  provide  means  of  breaking  it  up.  Breaker  bars  can 
be  either  placed  over  the  hopper,   which  will  not  allow  any  coal   above 
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a  certain  size  to  pass  without  being  broken  up,  or  else  a  crusher  can 
be  provided.  The  breaker  bars  deliver  the  coal  in  better  condition, 
but   are   more    expensive   in  operation. 

Where  softer  grades  of  coal  are  used,  it  is  important  that  the 
plant  be   designed   to   avoid   breakage    as    much   as    possible. 

The  handling  of  sand  and  cinders  is  frequently  attempted  in  con- 
nection with  coaling  stations,  but,  unless  separate  machinery  is  pro- 
vided, they  have  not  generally  been  successfully  operated,  due  largely 
to  the  excessive  wear  caused  by  the  cinders  and  sand  on  the  moving 
parts. 

Some  efficient  method  of  fire  protection  is  very  desirable,  many 
expensive  plants   having  been   destroyed   by  fire. 

The  recent  and  prospective  increases  in  the  cost  of  labor  and 
timber  and  the  demand  for  greater  reliability  of  service  tend  to  increase 
the  desirability  of  having  better  coaling  plants  built  of  steel  or  rein- 
forced  concrete. 

CONCLUSIONS. 

Your  Committee  submit  the  following  conclusions : 
(i)     The  present  records  of  the  cost  of  operation  of  coaling  plants 
on   nearly   all   roads   are   incomplete   and   of  little   value    for   comparison 
with    each    other. 

(2)  The  cost  items  should  include  charges  for  interest  and  de- 
preciation, charges  for  maintenance  and  operation  (the  cost  of  switching 
cars  onto  trestles  should  be  included),  and  a  charge  for  the  use  of  cars 
for    storage    purposes. 

,  (3)  That  plants  must  be  reliable  and  not  cause  unnecessary  delay 
to   engines   or   cars. 

(4)  That  provision  should  be  made  for  fire  protection,  the  avoid- 
ance of  damage  to  the  coal,  and  its  delivery  in  the  best  possible  con- 
dition. 

(5)  That  the  use  of  self-clearing  cars  should  be  made  possible, 
and  ordinarily  it  should  also  be  possible  to  shovel  from  flat-bottomed 
cars. 

(6)  That  storage  for  emergency  purposes  and  fireproof  construc- 
tion are,  in  general,  to  be  recommended,  and  in  some  cases  duplicate 
machinery   is    desirable. 

(7)  That  where  self-clearing  cars  cannot  be  regularly  obtained, 
either  a  locomotive  crane  or  a  trolley  hoist,  using  a  bucket  of  the  clam- 
shell type,  is  desirable. 
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(8)  That  for  a  small  terminal,  the  two-bucket  hoist  seems  to  have 
good  points,    where   a   deep    foundation  is   not   too   expensive. 

(9)  That  for  larger  plants,  some  conveyor  type  is  desirable. 

REVIEW    THE    CURRENT     PRACTICE    OF    PLACING    SHEDS 
OVER    FREIGHT    CAR    REPAIR   TRACKS,    WITH 

RESULTS. 

Freight  car  repair  work  has,  if  possible,  been  increasing  in  im- 
portance during  the  past  few   years. 

The  tonnage  capacity  per  car  has  practically  been  doubled  in  ten 
years,  and  the  age  of  the  wooden  freight  car  is  rapidly  passing,  and 
the  steel  car  is  taking  its  place.  The  tractive  power  of  the  locomotive 
has  increased  in  about  the  same  proportion  in  the  same  time;  all  of 
which  has  made  it  necessary  to  provide  heavier  cars,  with  heavier 
parts,  making  the  cost  of  repair  work  by  the  old  methods  slow  and 
costly   when   applied   to   the   new   cars. 

As  the  cars  have  increased  in  capacity,  so  have  the  wheels,  trucks 
and  other  parts  increased  in  weight  to  such  an  extent  that  they  can 
now  be  handled  best  by  the  use  of  power. 

The  rapid  increase  in  the  demand  for  freight  cars  has  made  it 
wise  to  hold  them  as  short  a  time  as  possible  waiting  for  repairs,  and 
the  shortage  of  labor  and  the  increased  rates  of  wages  have  all  ac- 
centuated the  necessity  for  using  power  wherever  possible  to  increase 
the  efficiency  of  the  labor. 

These  and  other  considerations  have  convinced  several  railroad 
companies  of  the  desirability  of  improving  the  facilities  for  freight  car 
repairs. 

Plate  No.  8  shows  a  plan  and  a  section  of  a  building  constructed 
about  two  years  ago  for  this  work.  This  building  is  of  brick,  with 
a  steel  frame  and  roof,  and  has  ample  light  from  "saw-teeth"  root 
construction,  and  it  is  comfortably  heated  by  hot  air. 

One  bay  over  two  lines  of  cars  is  furnished  with  a  forty-ton  elec- 
tric traveling  crane,  and  the  other  two  bays  have  twenty-ton  cranes 
each.  The  forty-ton  crane  is  used  for  handling  loaded  cars  needing 
repairs,  and  all  the  cranes  are  used  for  raising  car  bodies,  handling 
material  and  trucks   and  placing  the   car  bodies   on  the   trucks. 

The  building  is  equipped  with  compressed  air  and  electric  light, 
and  it  also  has  a  plate  furnace  and  the  necessary  machinery  for  repair- 
ing steel  car  bodies. 
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This  building  has  not  been  in  use  long  enough  to  furnish  good 
comparative  figures.  The  Superintendent  of  Motive  Power,  however, 
is  enthusiastic  in  recommending  such  an  equipment  for  heavy  repairs. 
(He    does    not    yet    recommend    it    for    light    repairs.) 

The  advantages  are : 

(i)  A  reduction  in  the  cost  of  the  work  done,  due  to  the  use  of 
power. 

(2)  A  reduction  in  the  cost  of  labor,  on  account  of  comfortable 
surroundings. 

(3)  A  better  class  of  labor  can  be  had,  due  to  continuous   service. 

(4)  No   loss   of   time   due   to  bad   weather. 

(5)  Night  work  can  be  done  if  necessary  and  full  time  can  be 
worked  in   winter  by  the  use  of  artificial   light  mornings   and   evenings. 

Respectfully    submitted, 

A.  R.  Raymer,  Assistant  Chief  Engineer,    Pittsburg  &  Lake   Erie   Rail- 
road,   Pittsburg,    Pa.,    Chairman. 

Maurice  Coburn,  Engineer  Maintenance  of  Way,  Vandalia  Lines,  Terre 
Haute,    Ind.,    Vice-Chairman. 

A.    G.   BouGHNER,   Chief   Draftsman,    Baltimore   &   Ohio    Railroad,    M'or- 
gantown,    W.    Va. 

O.  P.  Chamberlain,  Chief  Engineer,  Chicago  &  Illinois  Western  Rail- 
road,   Chicago,    111. 

J.  W.  CowPER,  with  J.  C.  Stewart  Company,  West  Allis,  Wis. 

H.   M.   Cryder,   Manager,   Carmichael   Company,   St.   Louis,   Mo. 

C.  H.  Fake,  Chief  Engineer,  Mississippi  River  &  Bonne  Terre  Railroad, 
Bonne   Terre,    Mo. 

J.    S.   Metcalf,    President,  John    S.    Metcalf   Company,    Chicago,    III. 

R.  B.  Pratt,  Railway  Architect,  Canadian  Northern  Railway,  Winnipeg, 
Man. 

L.  D.  Smith,  Los  Angeles,  Cal. 

Committee. 

AMENDMENTS. 

Amend  conclusion  8  to  read :  "That  for  a  limited  space  and 
small  storage  capacity,  the  two-bucket  hoist  seems  to  have  good  points 
when  foundation  is  not  too  expensive." 
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DISCUSSION. 

Mr.  A.  R.  Raymer  (Pittsburg  &  Lake  Erie)  : — The  information 
given  on  pp.  48,  49  and  part  of  50,  of  Bulletin  83,  is  an  explanation 
of  the  data  given  on  the  succeeding  pages.  Following  this  general 
description  we  have  given  the  results  of  the  Committee's  investigation 
as  to  the  cost  of  the  general  types  of  coal-handling  plants,  coaling  from 
cars  and  jib-crane  type  on  page  50,  and  the  Williams-White  type,  as 
given  on   page  51. 

The  President : — Before  we  proceed  further,  have  you  any  remarks 
to  make  on  this  subject? 

]\Ir.  Raymer : — On  pp.  52-55  is  a  description  of  the  trestle  type  of  a 
:oaling  plant.  The  Committee  was  not  able  to  get  any  figures  on  the 
clam-shell  bucket  type.  At  the  bottom  of  page  55  is  a  description  of  the 
Holmen  type.  On  page  58  is  a  description  of  the  Robbins  belt  type.  On 
page  60  are  given  the  conclusions  reached  by  the  Committee. 

The  President : — The  chairman  of  the  Committee  desires  to  have 
some  discussion  of  the  report  just  read.  If  any  member  has  any  infor- 
mation or  questions  to  ask  or  any  suggestions  to  offer,  we  would  be 
pleased  to  hear  from  him. 

Mr.  Edw^in  F.  Wendt  (Pittsburg  &  Lake  Erie)  : — On  page  49,  fifth 
paragraph,  there  is  a  statement  which  I  do  not  understand:  "Using  15 
per  cent,  per  annum  of  the  original  cost  as  the  cost  of  the  plant,  an 
expense  of  $146  is  justified  to  save  handling  one  ton  a  day  by  hand."  It 
seems  to  me  that  the  wording  is  not  quite  clear. 

INIr.  Maurice  Coburn  (Vandalia  Line)  : — The  Committee  intended 
the  same  meaning  as  in  the  upper  part  of  the  page,  where,  in  discussing 
the  storage  for  the  Pennsylvania  Railroad,  we  state,  "considering  that 
the  structure  costs  15  per  cent,  of  the  original  cost  for  interest,  deprecia- 
tion and  maintenance." 

Mr.  Wendt : — For  my  own  information  I  would  like  to  ask  how 
the  Committee  divides  the  interest,  depreciation  and  maintenance.  What 
rate  of  interest  is  allowed,  and  what  rate  for  the  depreciation? 

]\Ir.  Coburn : — That  is  an  approximate  amount.  We  figure  the 
interest  as  about  5  per  cent,  and  the  depreciation  and  maintenance  about 
ID  per  cent.  We  had  to  make  some  assumption  and  thought  that  as  near 
right  as  we  could  guess  at  it.  We  used  the  same  figures  for  all  plants, 
and  in  the  different  plants  the  conditions  are  so  variable  that  it  is  dif- 
ficult to  give  exact  figures  for  all  plants. 

The  President: — The  chair  w^ould  ask  the  Committee  whether  these 
statements  of  cost  include  the  time  of  labor  that,  is  expended  upon  other 
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services.  For  instance,  I  have  seen  reports  on  power  plants  in  which  the 
labor  also  had  charge  of  pumping,  and  deducting  an  arbitrary  amount  of 
this  labor  for  pumping  brought  the  cost  down  remarkably  low.  The 
cost  shown  here  gives  the  actual  labor  performed  around  the  coaling 
stations? 

Mr.  Coburn : — Yes,  it  is  supposed  not  to  include  those  other  costs. 

The  President: — Any  further  questions  before  they  proceed  to  con- 
clusions—any discussion  ? 

Prof.  W.  D.  Pence  (University  of  Wisconsin)  : — I  would  like  to 
ask  the  Committee  in  regard  to  the  basis  of  depreciation.  For  example, 
take  the  value  of  lo  per  cent.,  with  a  nominal  ten-year  life  for  a  straight 
line  depreciation ;  what  is  the  basis  of  life  assumed  by  the  Committee  for 
the  various  plants? 

Mr.  Coburn : — The  lo  per  cent,  included  maintenance  as  well  as  de- 
preciation. It  is  impossible  for  us  to  discriminate  between  the  plants  of 
wooden  construction  and  those  of  permanent  construction.  It  seemed  to 
us  a  fair  basis,  and  we  approximated  that  as  near  as  we  could. 

Mr.  J.  P.  Snow  (Boston  &  Maine)  : — I  would  like  to  ask  the  Com- 
mittee if  they  found  in  their  investigations  that  there  was  any  practice 
different  in  the  cost  of  handling  coal,  where  the  coal  was  what  might  be 
called  lump  coal,  or  where  it  was  fine  coal,  that  is,  as  fine  as  dirt.  A 
great  deal  of  the  bituminous  coal  used  in  the  East  has  very  few  lumps ; 
it  is  fine.  The  Western  coal  is  very  largely  lump.  Is  it  possible,  in  this 
estimated  cost,  to  make  any  difference  between  the  cost  in  handling  those 
two  qualities? 

Mr.  Coburn : — Our  figures  do  not  discriminate  in  that  matter.  The 
lump  coal — Illinois  coal,  and  some  of  the  Western  coal — has  to  be  broken 
before  it  is  used,  and  that  adds  somewhat  to  the  cost.  We  speak  about 
that  a  little  further  on.  There  are  also  some  plants,  like  the  Robbins 
belt  type,  in  which  a  little  difficulty  might  be  experienced  in  handling 
large  lumps. 

Mr.  Snow : — I  did  not  mean  to  have  the  cost  of  breaking  up  the 
large  lumps  included.  That,  of  course,  is  an  extra  expense,  but  as  to 
whether  or  not  there  is  any  real  difference  in  the  cost  of  handling,  with 
these  different  appliances,  of  the  coal  after  it  has  been  cracked  proper 
for  locomotive  use,  and  the  coal  which  is  already  fine  as  it  comes  from 
the  mine. 

Mr.  Coburn : — The  fine  coal  is  a  little  easier  handled,  but  we  do  not 
know  of  any  difference  in  the  cost. 

The  President : — The  cliair  would  say  that  on  the  road  with  which 
he  is  connected,  on  hand-power  plants,  where  the  coal  is  shoveled  direct 
from  the  car  into  bins,  that  the  price  per  ton  was  raised  one  and  two 
cents  when  certain  large  lump  coal  was  used,  as  compared  with  the  coal 
that  came  in  smaller  lumps.  The  cost  of  fuel  is  one  of  the  most  important 
expenditures  on  a  road.    The  cost  of  handling  it  is,  therefore,  an  impor- 
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tant  item.  Any  questions  or  remarks  that  will  add  to  the  value  of  this 
report  will  be  very  much  welcomed. 

Mr.  Wendt : — I  have  in  mind  a  mechanically  operated  plant  of  one 
of  the  types  mentioned  in  this  report,  which  is  attended  by  a  force  of 
men  which  serves  the  railroad  in  a  number  of  capacities.  First,  these 
men  run  the  coaling  plant;  they  uftload  the  coal  from  the  cars  into  the 
hopper,  from  which  the  machinery  transfers  it  to  the  bin.  Secondly,  this 
force  runs  the  pumping  plant  which  fills  the  water  tanks  daily  with  over 
200,000  gallons  of  water.  Thirdly,  this  force  softens  the  water,  or  takes 
care  of  the  softening  of  the  water.  Fourthly,  the  same  force  cleans  the 
ash  boxes  of  the  locomotives  and  takes  care  of  the  machinery  which  hoists 
the  ashes  from  the  pits  into  the  bin  from  which  the  ashes  are  loaded  by 
gravity  into  a  car.  This  same  car  having  come  to  the  plant  loaded  with 
coal,  goes  away  with  a  load  of  ashes.  Next,  the  same  force  of  men 
serves  the  locomotives  with  sand,  and  lastly,  the  same  force  at  night 
hostles  any  engines  which  lay  over  at  that  plant.  The  plant  referred 
to  is  a  main  line  plant,  and  the  economy  of  an  arrangement  of  this  char- 
acter, is  seems  to  me,  cannot  be  too  greatly  enforced,  because  the  engines 
come  to  the  plant  at  times  very  rapidly.  They  are  served  with  coal  and 
water,  the  ash  bins  are  cleaned  and  sand  is  delivered  to  them  in  a 
minimum  of  time,  so  that  the  element  there  to  be  commented  upon,  it 
seems  to  me,  is  the  element  of  a  rapidity  of  service.  Freight  trains  en 
route  along  the  line  and  under  necessity  of  being  served,  are  attended  to 
promptly,  for  any  delay  to  a  freight  train  carrying  two,  three  or  four 
thousand  tons  of  freight  would  be  considerable,  therefore  the  great  value 
of  plants  of  this  character  is  the  rapidity  with  vfhidi  they  serve  the 
locomotives  and  speed  them  on  their  way  towards  destination.  The  plant 
referred  to  has  been  in  operation  about  five  years  and  there  has  never 
been  a  24-hour  period  within  which  the  plant  has  been  out  of  service.  In 
other  words,  we  have  been  able  to  keep  the  plant  in  successful  operation 
constantly,  with  no  delay  to  main  line  trains.  The  coal  comes  to  that 
plant  by  a  yard  engine,  about  five  cars  being  distributed  at  one  time — 
that  is,  250  tons.  The  cars  move  by  gravity  to  the  hopper.  No  switching 
service  is  required  from  the  locomotives  until  such  time  as  those  cars 
are  ready  to  go  back  to  the  mines,  and  the  cars,  if  delivered  in  the  morn- 
ing, will  go  back  to  the  mines  the  evening  of  the  same  day.  Further- 
more, it  is  important  to  keep  these  storage  bins  full,  for  the  reason  that 
when  the  capacity  is  large,  if  not  kept  full,  the  coal,  in  dropping  from  the 
extreme  height  to  the  bottom  of  the  bin,  will  be  broken  up,  and  as  a  result 
occasionally  slack  will  be  delivered  to  a  passenger  locomotive,  conse- 
quently, there  may  be  some  difficulty  with  the  heating  quality  of  that 
locomotive  before  it  reaches  the  next  terminal.  For  that  reason  bins 
should  be  kept  full,  and  for  the  further  reason  that  if  a  break  takes  place 
and  throws  a  plant  out  of  use  for  five  hours,  sufficient  coal  will  be  on 
hand  to  serve  the  locomotives. 

The  rate  of  depreciation  given  by  the  Committee,  5  per  cent.,  seems 
to  me  is  about  right  for  fixed  plants  on  well-developed  roads;  but  where 
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a  railroad  is  developing  very  rapidly  and  great  changes  in  its  alinement 
and  other  features  are  probable,  and  where  there  is  likely  to  be  develop- 
ment in  the  tj^pes  or  improvement  in  existing  types  of  plants,  I  am 
inclined  to  believe  that  we  will  find  some  years  hence  that  the  rate  of 
depreciation  has  been  greater.  Such  plants,  as  stated  by  the  Committee, 
should  store  enough  coal  for  emergencies,  but,  as  stated,  this  is  not  always 
feasible.  However,  such  plants  should  hold  sufficient  coal  for  more  than 
one  day — ^perhaps  a  minimum  of  two  days.  If  200  tons  of  coal  are  used 
in  one  day,  it  is  very  probable  that  the  plant  ought  to  provide  for  a  stor- 
age capacity  of  double  that  amount,  because  a  condition  might  arise  which 
would  throw  a  plant  out  of  use,  and  in  order  to  get  the  rapidity  of  service 
desired  it  is  necessary  to  have  that  amount  of  storage  capacity. 

The  last  point  which  I  wish  to  comment  on  is  this :  As  stated  by  the 
Committee,  there  seems  to  have  been  no  accurate  records  kept,  generally 
speaking,  of  a  railroad's  cost  of  this  service,  and  this  is  one  of  the  needs 
of  our  Association  in  connection  with  discussions  of  this  question,  and 
the  great  value  of  this  report  will  be  to  call  the  attention  of  railroads  to 
this  necessity  and  to  this  omission,  so  that  there  may  in  the  future  be  a 
system  of  records  kept  which  will  result  in  a  just  comparison  of  the 
relative  advantages  of  different  plants. 

IMr.  D.  W.  Lum  (Southern  Railway)  : — We  have  several  varieties 
of  coaling  stations  on  our  lines,  and  are  not  quite  settled  in  our  minds 
as  to  which  is  the  better.  Of  course,  w^e  have  the  old  coal  bins,  ap- 
proached by  the  inclined  trestle ;  the  coal  delivered  to  the  engine  by  the 
ordinary  wheelbarrow.  We  have  three  mechanical  plants,  having  a  bin 
storage  of  about  i.oco  tons;  two  of  them  having  additional  storage  ca- 
pacity of  about  6.000  tons.  This  storage  is  handled  by  the  ordinary 
conveyor,  first,  being  put  into  the  elevator,  then  it  passes  back  over  a 
concrete  tunnel,  where  the  coal  remains  until  it  is  required  in  the  i.oco- 
ton  elevator.  We  have  just  finished  one  at  Asheville,  N.  C,  of  1,000  tons 
capacity.  The  building  is  concrete  and  has  given  very  good  satisfaction. 
We  also  have  tried  the  trestle  with  very  good  results — dropping  the 
coal  directh'  into  pockets,  the  pockets  serving  the  engines,  there  being 
no  handling  at  all  in  this  case,  the  coal  finding  its  way  to  the  tender  by 
gravity  after  leaving  the  car.  This,  I  believe,  is  the  very  cheapest  way 
of  handling,  when  serving  two  tracks,  that  is,  one  on  either  side  of  this 
elevated  platform  or  chute.  The  mechanical  plants  have  enabled  us  to 
serve  several  parallel  tracks  and  have  given  very  good  satisfaction  by 
reducing  the  cost  of  handling  coal  very  materiall3^  We  think  they  are 
very  much  better  than  the  old  method  of  inclined  approach,  platform  and 
wheelbarrows. 

Mr.  Snow  : — I  ask  the  members  present  if  any  of  them  are  still  using 
the  steep  incline,  say  25  per  cent,  grade,  with  the  car  hauled  up  by 
power  of  some  sort  to  a  height  sufficient  to  drop  the  coal  into  pockets  for 
delivery  to  engines,  these  pockets  to  have  some  fair  amount  of  storage 
above  the  chutes,  and  what  they  consider  the  best  thing  in  use  to-day  of 
this  type. 
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The  President : — I  ask  Mr.  Greiner  if  he  will  answer  that  question. 

Mr.  J.  E.  Greiner  (Baltimore  &  Ohio)  : — We  do  not  use  any  of  that 
style  on  the  Baltimore  &  Ohio,  at  least  we  have  not  tried  them  so  far.  1 
do  not  see  why  that  is  not  as  good  as  a  great  many  of  the  other  types  that 
are   in   successful  use. 

Mr.  George  H.  Bremner  (Chicago,  Burlington  &  Quincy)  : — We 
have  a  number  of  those  in  operation,  which  are  comparatively  new.  We 
also  have  a  number  of  mechanical  plants,  and  in  the  comparison  of 
the  two,  which  we  cannot  make  as  fully  as  we  would  desire,  on  account 
of  our  rather  brief  experience  with  mechanical  plants,  the  result,  so  far 
as  it  goes,  is  very  favorable  to  that  style  of  plant.  In  my  judgment  they 
are  the  most  economical  chute  we  have.  We  have  had  an  experience  of 
about  two  years  with  them. 

The  President : — I  ask  Mr.  Jackson,  of  the  Great  Northern  Railway, 
who  I  see  is  present,  if  he  can  give  us  any  information  of  that  particu- 
lar style  of  coal  chute,  steep  grade  incline,  hoisted  by  power  ? 

Mr.  Alfred  Jackson  (Great  Northern)  : — We  use  the  steep  grade 
coal  chute,  20  per  cent,  grade  on  the  chute  and  hoist  with  a  gasoline 
engine.     The  chute  gives  us  complete   satisfaction. 

Mr.  W.  B.  Storey,  Jr.  (Santa  Fe)  : — On  the  Santa  Fe  we  have  used 
a  plant  which  was  originated  on  the  Great  Northern,  and  has  been  in 
successful  use.  On  the  west  end  of  our  line  we  do  not  use  a  gasoline 
engine,  but  have  a  long,  lighter  grade  on  our  approaches  and  place  the 
cars  by  means  of  locomotives.  On  the  Atchison  proper  almost  the 
entire  coaling  plants  of  the  road  are  on  the  steep  incline  basis,  and  have 
given  very  good  satisfaction.  We  have  one  or  two  mechanical  plants, 
where  we  desire  the  delivery  of  coal  to  several  tracks,  the  steep  incline 
only  delivering  to  two  tracks,  one  on  each  side  of  the  coaling  track.  We 
find  the  first  cost  of  the  steep  incline  very  much  cheaper  than  the  cost 
of  the  mechanical  plant.  There  are,  therefore,  cases  to  which  the 
mechanical  plant  is  adapted,  and  also  cases  to  which  the  other  plant  is 
adapted.  There  are  a  few  points  in  the  way  of  details  to  be  looked  into 
and  one  of  these  is  the  matter  of  power.  If  you  get  ample  power  you 
can  carry  the  cars  up  the  steep  inclines.  Our  results  have  been  satisfac- 
tory. 

Mr.  O  P.  Chamberlain  (Chicago  &  Illinois  Western)  : — In  pros- 
ecuting committee  work  on  this  question.  I  took  the  matter  up 
with  the  Great  Northern  ofiicials,  as  to  their  method  of  handling 
coal,  and  found,  as  Mr.  Jackson  has  stated,  that  they  used  almost 
exclusively  the  coaling  trestle  with  the  steep  20  per  cent,  grade  ap- 
proach. I  also  found  in  the  course  of  our  investigations  that  in  many 
cases,  where  a  moderate  grade  approach  (5  per  cent,  grade)  had  been 
used,  the  cars  being  handled  by  a  switching  engine  to  the  top  of  the  trestle, 
when  that  plant  had  been  renewed,  the  tendency  was,  particularly  on  the 
Western  roads,  to  replace  it  with  one  with  a  steep  incline,  due  probably 
to  the  fact  that,   as  Mr.   Storey  stated,  the  first  cost  is  less,  and  in  the 
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matter  of  operation  the  steep  incline  has  a  very  distinct  advantage  over 
the  incline  operated  by  a  locomotive  for  the  reason  that  it  is  entirely 
independent  of  the  locomotive  service.  There  are  cases,  I  think,  where 
in  yards  at  which  a  switching  engine  is  in  attendance,  the  5  per  cent, 
grade  would  probably  be  as  satisfactory,  or  more  so,  than  the  steep 
grade ;  but  as  a  general  proposition,  along  the  line  of  the  main  track 
of  our  Western  railroads,  where  the  traffic  is  comparatively  light,  it 
seemed  to  be  the  consensus  of  opinion  among  those  with  whom  I  carried 
on  my  correspondence  that  the  type  shown  in  the  lower  cut  of  plate  3,  on 
page  6s,  was  the  preferable  one  for  a  coaling  station.  It  has  been  intro- 
duced recently  on  a  number  of  the  Western  lines,  replacing  the  type 
shown  on  the  upper  part  of  page  65. 

Mr.  A.  D.  Page  (Chicago,  Rock  Island  &  Pacific)  : — -We  have  three 
or  four  of  these  plants  which  were  built  about  three  years  ago,  and  are 
giving  us  good  service. 

Mr.  Greiner: — Before  we  pass  from  this  subject,  I  would  like  to 
ask  how  the  cars  are  handled  up  this  steep  incline? 

Mr.  Chamberlain : — I  do  not  know  that  I  can  answer  that  in  detail, 
but  the  general  construction  of  the  incline  is  such  that  when  the  empty 
car  is  dropped  down  it  is  switched  off  on  another  track :  there  are  two 
tracks  that  run  to  the  foot  of  the  incline,  and  near  the  foot  of  the 
incline  is  the  switch  connection.  The  cable  is  brought  down  on  the 
empty  car  and  the  car  is  then  swi'tched  onto  the  track  for  the  empty  cars, 
and  the  cable  is  attached  to  the  loaded  car  on  the  other  track.  The 
mechanism  for  attaching  the  cable  to  the  car  is  simply  a  chain  device 
attached  to  the  coupler  of  the  car  which  is  to  be  handled,  the  chain 
being  connected  with  the  cable.  The  empty  car  goes  down  with  the 
chain  and  cable  attached,  and  then  the  chain  and  cable  are  detached 
from  the  empty  car  and  the  chain  is  made  fast  to  the  loaded  car,  which 
is  then  pulled  up  the  incline. 

Mr.  Storey: — We  use  the  ordinary  link  at  the  end  of  our  cable,  and 
attached  to  that  we  also  have  a  wrecking  chain  which  is  passed  around 
the  axle  of  the  car,  to  hold  the  car  in  case  the  link  should  break.  We 
I'ave  very  few  breakages  of  any  kind;  the  link  ordinarily  pulls  up  the  car 
in  safety. 

In  regard  to  the  cost,  that  varies,  of  course,  depending  on  the  amount 
ri  coal  being  handled.  In  a  smaller  plant,  where  possibly  400  tons  a  day 
are  used,  the  cost  will  run  up,  because  it  is  necessary  to  have  an  attend- 
ant there  all  the  time.  If,  however,  the  same  men  can  handle  600  or 
700  tons,  the  element  of  cost  represented  by  labor  is  reduced  very  ma- 
terially. The  cost  runs — leaving  out  the  question  of  car  expense,  which 
is  given  in  the  Committee's  report — between  two  and  three  cents  in  the 
most  favorable  cases,  and  as  high  as  seven  cents  in  the  most  expensive. 
We  use  hopper  bottom  cars. 

There  is  another  detail,  mentioned  by  the  last  speaker  relative  to  the 
two  tracks.  The  detail  I  refer  to  is  the  arrangement  of  the  spring  frog, 
which  is  set  at  the  end  of  the  track;  tlie  full  car  is  pulled  through  the 
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spring  frog.  An  attendant  lets  the  car  down  by  gravity,  and  the  car 
which  runs  down  the  incline  runs  off  on  the  empty  track,  without  the 
attendant  having  to  go  to  the  switch  or  turn  it  in  any  way.  If  the  cable 
breaks,  or  the  link  breaks,  the  car  is  not  thrown  down  against  the  cars 
at  the  bottom. 

Mr.  Bremner : — Do  you  get  thesf  results  with  lump  coal ;  does  the 
price  include  lump  coal  with  breaker  bars? 

Mr.  Storey : — That  takes  the  coal  as  it  comes  from  the  cars  to  the 
engine,  without  breaking  the  coal.  The  matter  of  breaking  the  coal  is 
something  that  comes  in  afterwards.  The  firemen  raised  the  question 
of  reducing  the  size  of  the  coal,  and  we  had  to  provide  for  that. 

Mr.  Coburn : — Does  the  cost  include  interest,  depreciation  and  main- 
tenance ? 

Mr.  Storey: — It  takes  in  maintenance  only;  as  a  matter  of  fact  our 
maintenance  so  far  has  been  very  small.  Nearly  all  these  plants  are 
comparatively  new.  We  have  had  some  in  use  for  five  years,  but  the 
maintenance  has  not  yet  come  into  play  to  any  extent. 

Mr.  Coburn: — One  of  the  points  in  favor  of  the  trestle  is  the  fact 
that  where  the  coal  is  very  soft,  as  in  some  localities,  it  involves  a 
minimum  of  handling  and  minimum  of  breakage.  The  costs,  as  I  under- 
stand them,  were  from  two  to  three  cents  in  one  case,  and  running  up  to 
seven  cents  in  other  cases,  where  the  railroad  handled  from  400  to  600 
tons  a  day. 

Mr.  Storey : — Some  plants  run  more  than  600  tons  a  day.  In  some 
of  the  larger  terminals  we  have  two  and  three  men,  depending  on  the 
amount  of  coal.  Where  we  keep  them  busy  all  the  time,  these  costs  are 
low. 

Mr.  Coburn : — These  amounts  are  greater  than  most  of  the  plants  we 
obtained  figures  from,  compared  with  their  daily  capacity. 

Prof.  C.  Frank  Allen  (Massachusetts  Institute  of  Technology)  : — It 
has  occurred  to  me  that  where  the  coaling  plant  is  in  a  large  yard,  or  in 
a  yard  of  limited  capacity,  that  the  necessities  of  the  general  yard  might 
make  a  good  deal  of  difference  in  fixing  the  particular  kind  of  plant  to 
be  used,  and  the  economy  of  the  plant  might  not  be  the  determin- 
ing factor,  but  the  economy  of  the  yard  as  a  whole  might  be  the  determ- 
ining factor. 

Mr.  Raymer : — The  point  raised  by  Prof.  Allen  is  very  true.  In 
many  cases  that  will  determine  the  proposition,  regardless  of  small 
economies  and  differences  in  types,  it  being  necessary  to  use  plants 
adapted  to  the  space  available  at  the  terminals. 

The  President : — If  there  is  no  further  discussion  we  will  proceed 
to  consider  the   conclusions. 

Mr.  Raymer : — The  attention  of  the  Association  is  called  to  the  diffi- 
culty the  Committee  had  in  getting  information  from  the  different  roads, 
that  could  be  used  in  making  comparisons.  The  Committee  had  a 
large    amount    of    data,    but    some    of    it    lacked    information    on    the 
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cost  of  plants,  and  some  on  other  points,  and  to  make  the  results  of 
any  value  for  purposes  of  comparison  it  was  necessary  to  estimate  what 
was  lacking  in  the  different  reports.  On  page  60  you  will  find  the  con- 
clusions. 

The  President : — The  chairman  would  like  these  conclusions  voted 
on  separately. 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — I  raise  a  question  whether  it 
is  desirable  to  put  conclusion   i   in  the  Manual. 

The  President : — The  chairman  suggests  that  No.  i  be  omitted,  and 
that  conclusion  No.  2  be  made  No.  i. 

Mr.  Greiner : — I  will  move  that  conclusion  No.  2  be  accepted  as  it 
stands. 

(The  motion  was  carried.) 

The  President : — Conclusion  No.  3  appears  to  be  self-evident ;  we 
will  pass  to  No.  4. 

Mr.  Bremner : — Should  not  conclusion  No.  4  specify  some  method 
of  fire  protection?     Has  the  Committee  considered  that? 

Mr.  Raymer : — The  Committee  did  not  take  up  the  method  of  con- 
struction. As  a  matter  of  fact,  different  roads  use  different  construc- 
tion, some  are  using  the  steel-frame  construction.  I  do  not  know  of 
any  that  use  concrete  lining  for  coal  bins,  but  many  are  using  steel 
frames  with  concrete  linings  for  ash  bins  and  work  of  that  kind.  It  is 
eminently  applicable  to  coal  service,  if  any  road  wishes  to  use  it.  We 
are  using  steel  frames  with  wooden  linings. 

Mr.  Berg :     I  move  that  conclusion  No.  4  be  adopted. 
(The  motion  was  carried.) 

Mr.  Greiner : — I  move  that  conclusion  No.  5  be  approved. 
(The  motion  was  carried.) 

Mr.  Carothers : — I  move  the  adoption  of  conclusion  No.  6. 
(The  motion  was  carried.) 

The  President : — The  chairman  of  the  Committee  desires  some  ex- 
pression on  conclusion  No.  7. 

Mr.  Berg: — I  ask  the  Committee  whether  it  is  desirable  in  No.  7 
to  qualify  the  statement  in  connection  with  the  size  of  the  coaling  plant, 
the  same  as  8  and  9,  which  have  reference  to  the  size  of  the  plant,  and 
to  state  whether  the  use  of  a  locomotive  crane  or  a  trolley  hoist  is  in- 
dicated in  small  or  large  plants. 

Mr.  Raymer : — Conclusion  No.  7  relates  particularly  to  plants  where 
self-clearing  cars  are  not  available  and  where  the  cars  are  of  the  gondola 
type.  The  method  is  applicable  to  large  and  to  small  service ;  it  is  par- 
ticularly applicable  to  large  service,  as  the  expense  of  the  plant  would 
not  be  warranted  for  small  service. 

Mr.  Greiner : — I  ask  how  you  are  going  to  use  the  clam-shell  bucket 
if  the   cars  are  not   self-clearing?     Take   the   coal    direct   from   the    cars? 
Mr.   Raymer : — Yes. 
Mr.    Greiner : — A    great    many    of    these    crane   cars    with    clam-shell 


DISCUSSION    ON    BUILDINGS.  287 

buckets  are  used  to  take  the  coal  from  the  pit,  when  dropped  there  by 
self-clearing   cars. 

Air.  Ra\mer : — We  have  shown  the  style  spoken  of  by  Mr.  Greiner 
on  plate  4,  where  the  clam-shell  bucket  is  used  in  handling  coal  from 
cars,  or  from  a  pit ;  also  in  handling  cinders. 

Mr.  Lum: — We  have  just  built  a  coaling  station  at  Atlanta,  where  we 
will  use  one  of  the  clam-shell  buckets  with  a  locomotive  crane.  That 
arrangement  provides  for  an  ordinary  5  per  cent,  incline  approach,  with  a 
trestle  about  900  feet  long,  the  trestle  standing  over  a  pit  which  is  12  or  15 
feet  lower  than  the  grade  upon  which  the  locomotive  will  stand.  We 
expect  it  will  work  very  well.  The  capacity  of  that  coaling  station  will  be 
as  much  as  16,000  tons.  The  locomotive  crane  arrived  there  about  two 
weeks  ago,  and  we  made  a  test  of  it,  which  was  very  satisfactory. 
There  was  a  flat-bottom  coal  car  standing  near  the  crane,  and  the 
engineer,  who  had  never  been  on  one  of  the  cranes  before,  handled  his 
machine  very  well.  We  swung  the  coaling  crane  over  to  a  fiat-bottom 
coal  car,  took  up  a  good  load,  swung  around  and  delivered  the  coal  in 
about  40  seconds.  He  remarked  that  if  we  would  come  around  in  about 
two  weeks'  time  he  would  show  us  much  better  time  in  handling  the 
machine.  We  expect  this  arrangement  will  give  us  a  verj-  great  storage 
capacity  with  not  much  cost  for  handling. 

Mr.  Coburn : — One  of  our  ideas  in  recommending  this  type  under 
these  conditions  is  that  the  increased  cost  and  the  interference  with 
regular  business  for  a  few  days,  or  even  one  or  two  days,  if  flat-bottom 
cars  are  received  when  ordinarily  self-clearing  cars  are  furnished,  is  very 
great ;  additional  men  to  shovel  have  to  be  hired,  and  there  is  a  general 
interference  with  the  work  and  delay  to  the  engines.  Where  you  have 
an  apparatus  that  is  flexible  and  can  be  used  for  either  self-clearing  cars 
or  flat-bottom  cars,  the  efficiency  is  much  greater. 

Mr.  Greiner : — I  think  the  type  with  the  tipple,  as  referred  to  here, 
is  applicable  to  other  conditions  besides  those  simph'  where  we  cannot 
get  self-clearing  cars.  That  was  my  object  in  bringing  up  the  question 
first.  There  are  other  conditions  that  would  control  the  adoption  of 
that  style  of  handling  besides  the  fact  whether  the  cars  were  self-dumping 
or  not.  The  quantity  of  coal  to  be  used  and  the  space  you  have  in 
which  to  take  care  of  the  coal  would  control  as  much  as  anything  else. 
I  think,  perhaps,  the  conclusion  could  be  modified  slightly,  so  as  to  make 
it  a  little  broader  than  stated.  We  have  a  similar  plant  in  use,  and  we 
have  considerable  complaint  about  the  damage  done  to  the  cars  and  to 
the  buckets ;  the  lowering  of  the  bucket  into  a  steel  car  does  more  or  less 
damage.  This  type  of  coaling  station  would  be  almost  the  last  resort ; 
perhaps  preferable  to  shoveling  coal  out  of  the  car,  but  it  would  be  almost 
the  last  resort  otherwise.  It  would  be  much  better  to  dump  the  coal 
and  pick  the  coal  up  from  the  ground  than  attempt  to  pick  the  coal 
out  of  the  car  by  the  bucket. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  and  St.  Louis)  : — In 
recommendation  7  the  crane  is  intended  to  take  care  of  the  cars  that  come 
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which  are  not  self-clearing.  I  do  not  think  it  is  made  quite  plain  as  to 
how  that  is  to  be  done.  If  a  plant  of  the  type  shown  on  page  30  is  adopted 
the  cars  will  be  hauled  up  into  the  chute.  The  self-clearing  cars  will  be 
dumped,  and  those  that  are  not  self-clearing  unloaded  by  hand  over  the 
side  of  the  car.  How  does  the  Committee  propose  to  use  the  crane  in 
connection  with  the  inclined  chute? 

Mr.  Coburn : — The  intention  was  that  this  coal  could  be  unloaded 
direct  from  the  car  by  the  locomotive  crane  when  the  car  is  a  flat-bottom 
car.  Wlien  the  car  is  a  self-clearing  car,  the  coal  can  be  hauled  from 
the  pit,  so  that  you  can  handle  coal  from  either  kind  of  cars. 

Mr.  McDonald : — If  I  understand  the  Committee  correctly,  the  chutes 
provided  for  the  high  trestle  cars,  shown  in  plate  3,  can  only  be  used 
where  all  cars  that  come  are  self-clearing. 

Mr.  Coburn: — The  Committee  recommends  for  points  where  self- 
clearing  cars  cannot  be  regularly  obtained  that  a  locomotive  crane  or 
trolley  hoist  be  used,  and  that  a  trestle  plant  is  not  adapted  to  these 
conditions. 

Mr.  Berg: — The  trestle  plant  would  be  adapted  for  unloading  by 
hand  from  fiat-bottom  cars ;  that  is,  it  could  be  done,  although  not  usually 
done  in  practice. 

Mr.  Coburn : — We  have  said  that  where  hoppers  are  provided  for 
self-clearing  cars,  they  should  be  wide  enough  so  that  you  can  handle  by 
hand;  but  we  do  not  recommend  that  practice. 

Mr.  D.  D.  Carothers  (Baltimore  &  Ohio)  : — It  would  seem  that,  as 
explained  by  the  Committee,  such  an  arrangement  to  be  used  when  the 
cars  could  not  be  dumped  would  be  rather  an  impractical  suggestion,  for 
the  reason  that  it  would  necessitate  the  locomotives  going  to  another  track 
and  providing  a  track  for  the  cars  to  stand  upon,  and  it  does  not  seem 
to  me  that  it  is  practicable.  Of  course,  there  are  coal  trestles  which  have 
two  tracks  on  them,  and  it  would  be  easy  to  unload  coal  by  the  use  of  a 
locomotive  crane.  It  seems  to  me  it  is  hardly  a  proper  conclusion.  Where 
such  devices  are  provided,  the  cars  will  be  selected  which  can  be  used  in 
connection  with  the  device.  If  it  is  only  intended,  as  suggested  by  a 
member  of  the  Committee,  that  it  be  used  temporarily  when  other  equip- 
ment cannot  be  secured,  it  would  hardly  be  applicable. 

Mr.  Lum : — I  think  we  have  a  division  of  opinion  on  a  point  that 
is  hardly  necessary.  As  I  understand  it,  No.  7  only  refers  to  a  car  that 
is  to  be  unloaded,  such  a  car  not  being  self-clearing.  No.  7  does  not 
refer  to  any  coal  hoist,  or  coal  trestle.  It  is  simply  to  the  effect  that  if 
you  encounter  a  car  that  is  not  self-clearing  you  may  use  a  locomotive 
crane  or  trolley  hoist  and  unload  it  if  you  do  not  want  to  unload  it  by 
hand.     Is  that  right? 

Mr.  Coburn  : — Yes. 

Mr.  Lum: — It  does  not  bear  on  elevator,  incline,  nor  trestle? 

Mr.  Coburn : — Our  idea  is  that  at  terminals,  where  we  cannot  regularly 
obtain   self-clearing  cars,   unloading  by  hand  is  an  expensive  and  ineflS- 
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cient  arrangement,  and  we  should  have  a  bucket  which  can  load  direct 
from  the  cars,  and  this  not  in  connection  with  the  conveyor  type,  or 
trestle,  although  in  the  general  conclusions  we  do  say  that  a  locomotive 
crane  as  an  auxiliary  for  handling  cinders,  sand  and  coal  in  emergencies, 
is  very  desirable.  We  consider  that  suggestion  as  being  applicable  only 
to  large  stations.  ' 

Mr.  F.  J.  Stimson  (Grand  Rapids  &  Indiana)  : — I  think  the  question 
being  discussed  is  somewhat  confused.  On  the  Grand  Rapids  &  Indiana 
we  use  the  locomotive  crane  at  two  locations,  and  we  use  it  very  econom- 
ically. We  find  that  it  is  especially  useful  in  handling  coal  when  it 
comes  in  both  self-clearing  and  flat-bottom  cars.  I  think  that  the  thought 
the  Committee  wishes  to  bring  out  is  that  where  the  plant  is  not  so 
located  that  a  full  supply  of  self-clearing  cars  can  be  obtained,  which 
would  make  the  trestle  type  economical,  that  it  would  be  better  to  put 
in  a  locomotive  crane  type.  The  criticism  which  has  been  made,  that 
coal  cannot  be  handled  directly  from  a  gondola  without  damaging  the 
car,  is  very  largely,  I  think,  a  matter  of  discipline  of  the  men  handling 
the  crane.  We  handle  coal  direct  from  flat-bottom  cars  or  from  self- 
clearing  cars,  dumping  the  coal  which  is  left  in  the  hoppers  into  pits, 
as  shown  by  the  Committee's  plan.  We  have  handled  coal  out  of  gon- 
dolas that  had  been  racked  for  coke,  and  we  do  not  break  the  racks 
on  the  cars  to  any  great  extent.  We  use  the  trestle  with  pockets  filled 
by  the  crane  for  rapid  coaling,  but  also  find  that  we  can  coal  from  our 
storage  piles  without  serious  delay  when  necessary.  At  one  plant,  where 
we  handle  coal  for  thirty  or  forty  engines  during  twenty-four  hours,  we 
find  that  we  can  use  the  same  locomotive  hoist  to  load  coal  from  the 
storage  pile  for  shipment  and  have  made  a  record  of  coaling  the  thirty 
or  forty  engines  and  loading  ten  gondola  cars  with  coal  for  shipment  to 
other  points  in  ten  hours.  That  is  a  feature  of  economy  not  brought  out 
by  the  Committee,  which  would  be  available  where  the  amount  of  coal 
used  regularly  is  not  very  great.  At  another  point  we  use  the  coaling 
equipment  for  handling  our  cinders,  and  we  find  there  that  the  cinders 
are  handled  almost  without  cost.  The  only  force  employed  at  that  termi- 
nal, outside  of  the  men  handling  the  locomotive  crane,  are  the  men  who 
are  necessary  to  clean  the  fires.  They  do  all  the  other  work  of  coaling 
around  the  plant.  We  find  that  our  system  of  trestles  with  hoppers  in- 
creases the  economy  of  operation  in  enabling  us  to  store  coal  enough 
during  the  day  shift  to  carry  over  during  the  night,  so  that  we  do  not 
work  the  locomotive  crane  at  night.  I  think  we  coal  from  fifty  to  sixty 
engines   at   that   point. 

At  times  when  we  run  out  of  coal  on  the  cars  we  can  run  the 
engines  direct  to  the  storage  pile  and  coal  there  with  but  little  delay. 
The  time  of  the  engine  at  the  storage  pile  will  not  exceed  two  or  three 
minutes,  but  there  is  some  delay  in  getting  engines  to  the  storage  pile. 
As   that  is  only  done  in  an  emergency  when  we  do  not   have  the  coal 
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on  the  cars,  it  does  not  detract  from  the  effectiveness  of  the  crane  as  a 
coaHng  device. 

Mr.  Carothers : — What  I  object  to  is  the  interpretation  put  on  this  by 
the  Committee.  They  propose  to  supplement  a  coaHng  station  by  another 
coaling  station,  this  to  be  done  by  the  use  of  a  locomotive  crane  to  be 
used  temporarily,  when  the  main  equipment  is  not  available.  As  I 
understand  it,  that  is  the  interpretation,  and  if  it  is  so,  I  think  it  is  an 
unwise  conclusion.  The  clam-shell  and  locomotive  crane  would  un- 
doubtedly be  very  proper  for  unloading  from  flat-bottom  cars,  but  to 
supplement  one  coaling  station  by  another  coaling  station,  by  a  locomo- 
tive crane,  seems  to  me  to  be  rather  an  extravagance. 

Mr.  Raymer : — There  seems  to  be  some  unnecessary  confusion  about 
this  recommendation.  Conclusions  8  and  9  apply  wholly  to  self-clearing 
cars,  one  recommended  for  covering  plants  of  large  capacity,  and  the 
other  for  plants  of  small  capacity.  In  recommendation  7  we  cover  a 
station  where  coal  is  delivered  in  gondola  cars  that  are  not  self-clearing; 
we  want  to  recommend  the  use  of  a  clam-shell  bucket,  as  compared  with 
shoveling  coal  by  hand.  That  is  the  object  of  this  recommendation. 
Some  of  the  speakers  have  referred  to  the  use  of  the  clam-shell  bucket 
in  an  extended  form  in  conjunction  with  self-clearing  cars.  We  agree 
with  these  suggestions,  but  have  not  covered  them  in  this  report.  This 
recommendation  is  simply  to  the  effect  that  where  coal  is  received  in 
gondola  cars  that  are  not  self-clearing,  rather  than  shovel  by  hand,  we 
recommend  the  use  of  clam-shell  buckets. 

Mr.  McDonald : — I  do  not  think  the  conclusion  is  clear.  Mr.  Caroth- 
ers covered  the  point  I  want  to  make.  I  think  it  would  be  cleared  up 
readily  by  amending  conclusion  7  and  striking  out  the  words  "is  de- 
sirable" and  inserting  in  their  place  the  words  "preferably  to  unloading 
by  hand."  I  think  that  will  eliminate  any  opportunity  for  this  conclusion 
to  be  confounded  with  the  one  above.  At  present  it  appears  simply  to 
be  a  provision  for  an  auxiliary  to  the  other  chutes  where  they  cannot 
take  care  of  the  cars  which  are  not  self-clearing.  I  ofifer  this  as  a 
motion. 

Mr.  Stimson : — Is  not  the  matter  confused  because  of  the  order  in 
which  these  recommendations  are  made?  If  I  understand  the  Committee 
correctly,  they  are  recommending  for  large  plants  some  conveyor  type  of 
plant.  This  is  their  final  recommendation  for  coaling  plants  as  a  whole. 
For  small  terminals  they  look  upon  the  bucket  hoist  as  most  desirable,  but 
where  you  have  a  station  for  which  you  cannot  get  self-clearing  cars  all 
the  time — you  may  have  some,  but  you  have  also  a  goodly  proportion  of 
flat-bottom  cars — the  arrangement  provided  by  conclusion  7  should  be 
adopted,  and  the  Committee  would  recommend  the  crane  type.  I  think  it 
is  a  proper  recommendation. 

The  President : — The  Committee  accepts  Mr.  McDonald's  amendment. 

Mr.  Greiner : — I  would  ask  the  Committee  whether  or  not  they 
would   recommend  a  locomotive  crane  for  use  at   any  other   place   except 
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where  the  free  delivery  cars  are  not  readily  obtained?  The  whole  effect 
of  the  conclusion,  as  I  understand  it,  is,  that  we  are  saying  practically 
that  a  locomotive  crane  is  of  no  use  except  in  places  where  you  do  not 
obtain  drop-bottom  cars. 

Mr.  Chamberlain  : — I  would  say  in  reply  to  Mr.  Greiner  that  it  is  not 
the  intention  of  the  Committee  to  i»ecommend  the  use  of  the  locomotive 
crane  except  as  an  auxiliary  device  under  these  particular  conditions ; 
where,  perhaps,  a  majority  of  the  cars  that  come  in  are  flat-bottom  gon- 
dolas, or  flat  cars  with  side  boards.  It  does  not  necessarily  follow  that 
the  Committee  condemns  the  use  of  the  locomotive  crane  as  the  sole 
coal-handling  device  in  some  special  cases,  but  we  did  not  feel  that  we 
were  in  a  position  to  recommend  it  as  a  general  proposition.  We  simply 
recommend  it  to  take  the  place  of  hand  unloading  in  cases  of  the  kind 
first  mentioned.  I  do  not  think  the  fact  of  the  Committee's  not  recom- 
mending the  use  of  a  locomotive  crane  puts  them  on  record  as  condemn- 
ing the  use  in  special  cases. 

Mr.  Lum : — I  move  that  conclusion  No.  7  be  adopted  as  amended. 

(The  motion  was  carried.) 

(Mr.  Raymer  read  conclusion  8.) 

Mr.  Greiner: — -What  would  be  considered  a  small  terminal?  How 
many  tons  per  day? 

Mr.  Chamberlain  : — I  would  say  the  intention  of  that  recommendation 
was  to  cover  terminals  where  the  capacity  of  the  plant  was  from  100  to 
150  tons.  It  is  possible  that  the  recommendation  should  have  been  a 
little  more  specific.  I  think  probably  if  Mr.  Greiner  wishes  to  make  it 
more  specific  that  the  Committee  would  be  glad  to  accept  any  suggestions. 

Mr.  Greiner : — I  would  like  to  hear  the  Committee's  recommendation 
as  to  how  much  more  specific  they  can  make  that  section.  I  have  had 
no  experience  with  this  kind  of  plant  at  all.  It  is  a  matter  of  information 
that  I  am  after. 

Mr.  Snow : — The  Committee  tells  us  that  there  is  no  other  two- 
bucket  hoist  except  the  Holmen  .type.  I  do  not  know  of  any  other,  but 
there  are  a  good  many  single  bucket  hoists ;  and  it  seems  to  me,  if  there  is 
no  other  two-bucket  hoist  except  one  style,  that  it  is  a  little  invidious 
to  mention  one  patented  style  onlj-.  It  would  be  much  better  if  the  con- 
clusion read  that  for  a  small  terminal  the  bucket  hoist  would  seem  to 
have  good  points,  rather  than  to  specifically  mention  some  one  proprietary 
kind. 

Mr.  Carothers  : — It  occurs  to  me  that  the  ciMiclusion  is  out  of  place. 
In  the  first  place,  small  terminals  on  a  good  many  roads  have  had  in 
operation  successfully  the  locomotive  crane,  in  combination  with  other 
work  such  as  handling  cinders,  and  to  specify  any  particular  device  seems 
to  me  as  hardly  proper.  I  have  no  doubt  that  the  locomotive  crane 
can  handle  business  as  well,  and  perhaps  as  economically,  when  taking 
into   consideration   the   other   work   ahvays   to   be   done   about   a    terminal 
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of  that  type,  as  a  locomotive  crane  can  do.  It  seems  to  me  the  con- 
clusion is  hardly  called  for. 

Mr.  Coburn: — In  answer  to  Mr.  Snow's  question,  I  understand  there 
are  several  companies  building  plants  of  this  type,  and  that  there  are 
other  two-bucket  hoists  besides  those  patented  by  Mr.  Holmen.  In  making 
this  report  the  Committee  had  some  doubt  as  to  how  to  classify  these 
types,  and  they  have  used  the  names  of  the  best-known  devices  of  the 
different  types  to  identify  them.  In  answer  to  what  Mr.  Carothers  has 
said,  the  Committee  has  been  rather  of  the  opinion  that  the  Holmen  type 
was  a  more  economical  plant  than  the  locomotive  crane  would  be,  as  it 
provided  storage,  that  the  first  cost  was  not  excessive,  and  that  the 
track  arrangement  and  the  room  necessary  was  not  so  great. 

Mr.  Snow: — Would  the  Committee  have  any  objection  to  omitting 
the  words  "two-bucket  hoist,"  and  simply  putting  it  "bucket  hoist?" 
It  seems  to  me  that  would  cover  all  kinds  of  bucket  hoists.  The  single 
bucket  hoist  is  a  good  scheme  where  the  amount  of  coal  is  small.  Its 
cost  of  installation  is  about  $i,ooo  less  than  the  reversing  hoist  for  two 
buckets,  and  if  the  amount  of  coal  used  daily  can  be  hoisted  in  a  few 
hours  with  the  cheaper  plant,  such  a  plant  ought  certainly  to  be  recognized. 

Mr.  Raymer : — The  Committee  will  accept  your  suggestion  in  sub- 
stance, if  you  can  eliminate  the   reference   to  link-belt  type. 

Mr.  Snow: — Would  it  be  proper  to  call  it  tub  hoist?  Tub  and 
bucket  are  pretty  nearly  the  same,  but  there  can  be  no  danger  of  con- 
fusing a  link-belt  system  with  a  tub  hoist. 

Mr.  O.  E.  Selby  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — I  do 
not  think  the  two-bucket  feature  is  covered  by  the  proprietary  rights  of 
the  Holmen  tub.  There  are  other  buckets  used  in  the  two-bucket  scheme. 
The  Holmen  patents,  as  I  understand  it,  cover  only  the  buckets;  so  I  do 
not  think  we  are  recommending  a  proprietary  article  when  we  recom- 
mend a  two-bucket  hoist.  I  want  to  say  a  word  in  favor  of  the  two- 
bucket  hoist.  We  found  it  economical  and  very  efficient,  and,  so  far  as  its 
being  good  only  for  small  plants — 150  tons — I  think  it  is  sufficient  and 
could  be  recommended  for  fully  twice  that,  say,  300  tons  a  day.  The 
buckets  will  easily  handle  a  50-ton  car  in  thirty  minutes.  It  is  not  hard 
to  get  300  tons  in  ten  hours.  I  am,  therefore,  in  favor  of  the  conclusion 
as  it  stands,  possibly  inserting  a  definite  definition  of  the  term  "smaller 
plants,"  putting  it  from  150  to  300  tons  a  day. 

Mr.  Chamberlain : — In  regard  to  what  Mr.  Snow  has  said  about  the 
substitution  of  "bucket  hoist"  for  "two-bucket  hoist,"  we  all  know  the 
object  of  using  a  two-bucket  hoist  is  to  get  the  benefit  of  our  counter- 
weight. I  do  not  think  we  should  sacrifice  that  advantage  simply  because 
that  type  is  known  as  the  Holmen  type,  particularly  as  we  do  not  specify 
it  as  the  Holmen  type.  In  regard  to  what  has  been  said  by  the  last 
speaker,  I  would  personally  take  exception — I  have  not  consulted  the  rest 
of  the  Committee — to  specifying  any  exact  number  of  tons  per  day  to  be 
handled  by  this  type.     There  are  other  conditions  that  enter  into  the  con- 
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sideration  of  this  type  which  would  prevent  us  doing  it  consistently. 
I  think  it  is  true  that  that  type  can  be  used  satisfactorily,  in  some  cases, 
to  handle  as  high  as  300  tons  per  day,  provided  we  are  coaling  enough 
locomotives  so  that  the  coal  leaves  the  storage  in  a  very  short  time,  but 
the  type  is  not,  as  you  will  see  from  the  diagram,  adapted  to  a  high 
storage  capacity,  and  that  is  an  objection  to  specifying  any  number  of  tons. 

Mr.  Frank  Rhea  (Pennsylvania  Lines)  : — We  have  one  plant,  I  think, 
the  third  Holmen  plant  that  was  constructed,  that  is  handling  an  average 
of  over  600  tons  every  twenty-four  hours,  and  the  Holmen  type,  or  the 
two-bucket  type,  certainly  has  the  advantage  of  being  duplicated  at  less 
expense  than  almost  any  other  type.  So  that  when  you  use  the  words 
"small  terminal,"  that  is  somewhat  of  a  comparative  statement.  I  do  not 
know  what  our  exact  tonnage  of  coal  is,  but  I  know  it  is  something  over 
600  tons  on  the  average  for  the  run  of  a  month,  perhaps  close  to  700  tons. 

Mr.  Raymer : — The  distinctive  difference  between  the  two-bucket  type 
and  the  link-belt  type  is  in  the  facility  for  storing.  In  the  link-belt  type 
there  are  facilities  for  making  a  run  overhead  from  which  you  can  dump 
at  different  points  in  a  large  storage  bin.  In  a  two-bucket  type  you  are 
necessarily  confined,  without  an  auxiliary  conveying  plant  at  the  top  of  the 
storage  bin,  to  one  point  of  dumping.  The  Committee  is  willing  to  modify 
its  recommendation  and  say  "for  a  small  storage  plant"  instead  of  "for  a 
small  terminal." 

Mr.  W.  F.  Steffens  (South  &  Western)  : — Merely  as  a  matter  of  in- 
formation, a  number  of  members  have  never  heard  of  the  Holmen  type. 
We  should  like  to  know  where  a  few  of  those  are  installed.  It  has  been 
stated  that  the  Pennsylvania  had  one.     Kindly  give  us  that  information. 

Mr.  Coburn : — The  Pennsylvania  Lines  have  quite  a  few,  the  Chicago 
&  Eastern  Illinois  and  Big  Four  three ;  there  are  a  good  many  >n  the 
territory  south   and   east  of  Chicago. 

The  President : — If  conclusion  8,  as  changed  by  the  Committee,  meets 
the  views  of  the  convention,  will  some  one  make  a  motion  to  approve  it, 
in  order  to  bring  it  before  the  house? 

Mr.  Berg: — I  move  the  adoption  of  the  conclusion. 

The  President : — It  is  moved  that  the  conclusion  be  adopted  after 
inserting  the  words  "storage  plant"  in  place  of  "terminal." 

Mr.  Greiner : — It  seems  to  me  that  the  Committee  have  eliminated 
from  the  recommendation  what  is  considered  by  many  as  the  best  and 
most  economical  type ;  that  is,  a  tipple  with  an  inclined  approach,  similar 
to  that  shown  on  plate  3,  a  tipple  where  you  run  the  coal  cars  up  with 
the  engine,  dump  the  coal  into  the  storage  bin,  and  from  there  direct  to 
the  engines  on  the  tracks  below.  That  type,  I  think,  when  investigation 
is  carefully  made  into  the  cost  of  operation,  will  be  found  the  most  eco- 
nomical plant  that  has  been  devised  for  coaling  purposes ;  at  least  we 
have  found  it  so.  For  a  small  terminal,  where  200  tons  of  coal  is  used 
daily,  or  between  200  tons  and  600  tons  of  coal,  I  would  not  know  of  a 
better  system  of  getting  the  coal  up  than  to  run  it  up  with  an  engine. 
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and  that  is  a  type  that  the  Committee  does  not  recommend  at  all,  but 
would  substitute  either  a  two-bucket  type,  or  a  conveyor  type,  both  of 
which  are  mechanical  plants,  and  the  feeling  seems  to  be,  at  least  on 
our  road,  that  a  mechanical  plant  for  handling  coal  should  only  be  resorted 
to  under  special  conditions. 

•  Mr.  Berg:— Mr.  Greiner  has  stated  exactly  what  I  had  in  mind.  I 
wanted  to  ask  the  Committee  whether  we  understand  when  we  adopt 
conclusions  7,  8  and  g, .  it  practically  means  that  a  trestle  plant  with  an 
inclined  plane  is  excluded  as  one  of  the  desirable  forms  of  coaling 
stations  ? 

Mr.  Stefifens : — I  understand  the  Lake  Shore  have  had  experience 
with  the  high  percentage  type  of  operating  trestle  approach  that  has 
been  spoken  about. 

The  President : — On  our  lines  we  use  exclusively  5  per  cent,  trestle 
approach,  and  coal  is  handled  in  every  case  at  less  than  10  cents,  usually 
about  9  cents,  with  labor  at  $1.50  a  day. 

Mr.  Lum : — We  have  the  5  per  cent,  trestle  approach  on  our  line, 
perhaps  20  or  25  such  trestles,  and  they  are  working  very  well. 

Mr.  Greiner  made  reference  to  the  style  shown  on  plate  No.  3. 
I  fully  agree  with  what  he  said  with  reference  to  the  economy  of  that 
style  of  chute  where  you  have  only  two  tracks  to  serve,  and  where  a 
great  amount  of  storage  is  not  required.  It  seems  to  me  that  this 
style  of  chute  has  its  limitations,  however.  There  can  be  nothing  cheaper, 
as  I  look  at  it,  than  the  dumping  of  a  hopper-bottom  car,  the  coal  by 
gravity  falling  to  the  chute  or  pocket  and  then  directly  to  the  locomotive. 

Mr.  Carothers : — In  the  eighth  conclusion,  on  the  opposite  page,  on 
which  the  cut  is  shown  of  the  two-bucket  type,  bottom  of  page  66,  the  end 
view  is  a  type  that  would  be  used,  I  suppose,  in  lieu  of  the  two-bucket 
type,  where  a  locomotive  crane  and  small  bins  are  provided  and  the  coal 
is  dumped,  the  crane  being  utilized  for  other  purposes,  undoubtedly  intro- 
ducing economies.  We  have  recently  installed  buckets  of  this  kind  that 
are  not  working  very  satisfactorily  up  to  the  present  time,  but  we  sec  no 
reason  why,  with  certain  modifications,  they  will  not  work.  It  seems  to 
me  we  are  confining  ourselves  to  too  narrow  a  type  when  we  prescribe 
the  type  selected  here,  and  I  am  not  in  favor  of  adopting  the  eighth"  con- 
clusion. 

Mr.  McDonald: — With  a  view  of  disposing  of  No.  8  I  suggest  that  it 
be  amended  as  follows :  Strike  out  the  words  "small  terminal"  and  insert 
the  words  "limited  space  and  small  capacity,"  and  make  it  read  as  fol- 
lows :  "That  for  a  limited  space  and  small  capacity  the  two-bucket  hoist 
seems  to  have  good  points  when  foundation  is  not  too  expensive." 

The  President :— The  Committee  will  accept  that  as  conclusion  No.  8, 
if  desired. 

Mr.  Selby : — I  would  like  to  see  the  word  "storage"  inserted  there, 
making  it  read  "small  storage  capacity." 

The  President : — That  can  be  put  in. 
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Mr.  McDonald : — It  is  acceptable  to  me. 

(Thereupon  conclusion  No.  8,  upon  motion,  duh'  seconded  and  car- 
ried,  was   adopted.) 

The  President : — The  Committee  desires  to  stop  the  conclusions  at 
this  point,  as  they  later  desire  to  amend  No.  9,  or  add  further  information 
to  it  in  the  next  year's  report. 

]Mr.  Berg: — I  move  that  7  and  8,  already  adopted,  be  treated  in  the 
same  manner.  I  consider  that  7,  8  and  9,  taken  in  combination,  put  for- 
ward in  our  Manual,  if  thej-  should  be  adopted,  mean  a  concise  summary 
of  the  opinion  of  the  Association  as  to  the  distinctive  cases  or  characteris- 
tics governing  the  choice  of  a  locomotive  coaling  plant  for  certain  given 
conditions.  I  consider  that  the  information  has  not  been  put  forward  in 
such  shape  as  to  warrant  that  construction  being  given  to  the  conclusions, 
if  presented  officially  and  included  in  the  Manual.  Therefore,  I  move  that 
conclusions  7  and  8,  already  adopted,  the  same  as  9,  be  referred  back  to 
the  Committee  for  further  consideration  and  report  next  year. 

(The   motion   was   carried.) 

Mr.  Lum : — If  it  is  in  order  I  would  suggest  that  the  Committee  take 
up,  in  connection  with  coaling  stations,  the  matter  of  handling  ashes. 
Some  mechanical  conveyors  provide  for  handling  ashes  in  the  same  con- 
veyor. 

The  President : — The  chairman  of  the  Committee  states  that  the 
Committee  will  accept  that  as  a  suggestion  for  the  coming  year's  work. 

Mr.  Wendt : — On  page  50  the  Committee  use  these  words :  "Where 
the  quantity  of  coal  handled  is  small,  and  especially  at  terminal  points, 
where  the  engines  lie  over  night  and  the  coaling  can  be  done  by  the  hostler 
or  watchman,  coaling  direct  from  the  cars  is  the  cheapest."  I  do  not 
see  that  point  covered  in  the  conclusions,  and  I  would  like  to  ask  why  that 
should  not  be  included  in  the  formal  conclusions. 

Mr.  Raymer : — The  conclusions  cover  different  kinds  of  coaling  plants 
that  can  be  recommended.  A  hostler  shoveling  coal  might  be  construed  as 
a  coaling  plant,  but  the  Committee  did  not  see  it  in  that  way,  and  we  did 
not  recommend  it  as  a  coaling  plant. 

The  President : — The  Committee  desires  to  call  attention  to  the  "re- 
view of  the  current  practice  of  placing  sheds  ov^er  freight  car  repair 
tracks,  with  results,"  on  page  61,  but  do  not  desire  to  enter  into  discussion 
upon  it  at  this  meeting.     They  present  that  as  information. 

Mr.  Berg: — I  would  like  to  ask  the  Committee  whether  the  paragraph 
on  page  48,  where  the  conclusion  that  was  published  in  the  Manual  in 
regard  to  roundhouses  appears,  indicates  that  there  is  some  change  that 
is  desirable. 

Mr.  Raymer : — The  Committee  was  asked  to  revise  its  recommenda- 
tions on  roundhouse  work  last  year,  and  what  is  given  here  is  the  result. 
This  is  supposed  to  be  a  final  recommendation  by  the  Committee,  and 
possibly  it  should  be  approved   for  publication. 

Mr.   Berg: — How  is  that  to  be  embodied  in  the  Manual? 
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The  President: — The  Committee  is  somewhat  at  a  loss  liow  to  reply 
to  your  question.  They  say  it  is  really  a  final  report,  and  incorporated 
your  idea,  but  they  do 'not  see  how  they  can  put  it  in  the  Manual  in 
the  present  form. 

Mr.  Berg: — Could  the  Committee  report  later?  In  that  connection  I 
will  call  attention  to  the  next  paragraph,  where  they  do  not  present  any 
conclusion.  They  have  given  a  recommendation  that  the  tracks  leading 
from  a  roundhouse  to  the  turntable  should  be  level.  Does  the  Com- 
mittee desire  that  put  in  the  form  of  a  conclusion,  to  be  embodied  in 
the  Manual? 

The  President: — The  Committee  will  accept  that  suggestion.  Before 
relieving  the  Committee,  the  chair  desires  to  express  the  feeling  that  the 
Committee  have  furnished  a  really  excellent  report.  It  has  been  a  difficult 
subject  to  handle,  and  the  discussions  to-day  and  the  text  of  the  report 
indicate  some  very  good,  hard  work  on  the  part  of  the  Committee.  If 
there  is  no  further  discussion  the  Committee  will  be  relieved  with  the 
thanks  of  the  convention. 


REPORT  OF  COMMITTEE  NO.  I— ON  ROADWAY. 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

Your  Board  of  Direction  has  referred  to  this  Committee  for  con- 
sideration the  following: 

(i)     "Submit   general   specifications   for   a   modern   steam  shovel 
for  roadway  construction." 

This  question  has  been  thoroughly  considered,  and  the  Committee's 
findings  with  recommendations  are  shown  later. 

(2)  "Submit  a  blank  form  that  can  be  recommended  to  show  the 

results  of  steam  shovel  work,  including  quantity  of  ma- 
terial moved  and  itemized  cost  of  same." 

Blanks  for  daily,  monthly  and  final   reports  are  submitted  herewith. 

(3)  "Consider   the    question    of   grade   and    curve    improvement 

work,  as  it  applies  to  conditions  inside  cities,  such  as 
track  elevation  and  depression,  confining  these  investiga- 
tions to  the  practical  work  and  methods  and  organization 
and  omitting  the  economic  features." 

The  Committee  regrets  that  it  has  not  been  able  to  give  this  subject 
proper  attention,  and  would  respectfully  request  that  the  question  be 
referred  back  to  the  Committee,  which  is  now  drafting  a  circular  letter 
calling  for   information  to  cover  the   subject. 

(4)  "Tabulate  and   prepare   information  bearing  upon  the  sub- 

ject of  the  general  practical  work  of  grade  and  curve 
improvement  work,  confining  these  investigations  to  the 
consideration  of  practical  methods  and  organization  and 
omitting  the  economic  features." 

Considerable  matter  was  collected,  but  your  Committee  desires  to  de- 
velop this  subject  further  before  submitting  a  report  on  same. 

(5)  "Report   on    the   best    method   of   determining   the    size    of 
waterways." 

We  are  not  prepared  to  report  on  this  subject  at  this  meeting. 

(6)  "Report  on  the  result  of  the  letter-ballot  upon  the  overhaul 

clause    presented    by   the    Committee   at    the   Annual    Con- 
vention." 
The  Secretary  advises  this  vote  to  have  been:    .A.yes  134;  Noes  23. 
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Report  in  detail  follows,  viz. : 

(i)  "Submit  General  Specifications  for  a  Modern  Steam  Shovel  for 
Roadzvay    Construction." 

This  question  has  been  under  consideration  for  the  past  two  or  three 
years,  and  this  Committee  reported  on  the  subject  in  a  general  way  by 
Bulletin   No.  25,  March,   1902;  Proceedings,  Vol.  3,  pp.  30  and  31,  1902. 

A  sub-committee,  of  which  Mr.  G.  H.  Bremner  is  chairman,  prepared 
a  circular  calling  for  certain  information,  but  it  is  to  be  regretted  that 
many  of  the  replies  received  are  not  definite  or  conclusive. 

It  should  be  noted  that  the  Committee's  previous  consideration,  in 
past  years,  was  given  to  a  standard  shovel  for  "Improvement  Work," 
whereas  they  are  now  asked  to  recommend  one  to  cover  the  compre- 
hensive title  "General  Roadway  Construction."  This  at  once  brings  up 
the  question  of  constructing  new  lines  as  well  as  the  improvement  of 
old  properties,  and  the  Committee  feels  that  it  is  more  than  probable 
that  one  class  of  shovel  would  not  be  suitable  for  all  purposes.  For 
instance : 

(i)  In  opening  up  new  lines,  it  is  often  advisable  to  have  a  small 
light  traction  shovel  to  precede  the  regular  work  and  cast  out  to  the 
sides  material  from  cuts,  so  that  the  loading  track  grades  may  be  re- 
duced and  economically  operated. 

(2)  A  standard  shovel,  such  as  the  Committee  will  recommend, 
would  be  required,  and  would  be  available  either  on  new  lines  or  for 
improvement  work. 

(3)  It  frequently  occurs  that  a  standard  shovel  is  too  heavy  for 
certain  soft  cuts  where  it  might  be  advisable  to  finish  with  a  much 
lighter  class  of  machine. 

(4)  Many  railroads  are  fortunate  in  possessing  large  ballast  pits, 
in  which  it  would  be  advisable  to  use  a  shovel  much  larger  than  the 
standard. 

In  any  event,  and  irrespective  of  the  use  to  which  the  shovel  is 
assigned,  there  are  three  important  cardinal  points  that  should  be  given 
careful  attention  in  the  selection  of  any  and  all  machines  of  this  class. 
These  are  in  their  order: 

(i)      Care    in    iIk'    selection,    inspection    and    acceptance    of    all    ma- 
terial that  enters  into  every  part  of  the  machine. 

(2)  Design  for  strength. 

(3)  Design  for  production. 
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With  the  foregoing  fixed  firmly  in  the  minds  of  the  purchaser,  we 
may  proceed  to  submit  specifications  for  a  Standard  Shovel,  which  we 
believe  will  meet  the  largest  requirements  for  "General  Roadway  Con- 
struction." These  findings  are  the  result  of  vote  taken  on  circular  in- 
quiries as  follows,  viz. : 

(i)    What  is  the  character  of  the   shovel  you  consider  best  for  gen- 
eral railway  work  in  the  following  respects : 

(a)  Weight: 

Shovels  varying  in  weight  from  twenty-five  to  ninety  tons 
are  recommended. 

Committee  recommends  seventy   (70)   tons. 

(b)  Capacity  of  dipper: 

Replies  received  vary  from  one  and  one-half  yards  to  five 
yards. 

Committee  recommends  tzco  and  one-half   (2J/2)   yards. 

(c)  Steam  Pressure: 

From  one  hundred  pounds  to  two  hundred  pounds  is  recom- 
mended. 

Committee  recommends  mie  Iniiidred  and  tiventy    (120)    lbs. 

(d)  Clear   height   above   rail    of   shovel   track   at   which   dipper 
unloads : 

This  height  is  recommended  at  different  points,  var>-ing 
from  eight  feet  to  eighteen  feet. 

Committee  recommends  sixteen    (16)   ft. 

(e)  Depth  below  rail  of  shovel    track  dipper  will  dig: 
Replies  vary  between  two  feet  and  eight  feet. 

Committee  recommends  four   (4)   ft. 

(f)  Number   of   movements    of    dipper    per    minute    from    time 
of  entering  bank  to  entering  bank  : 

From  one  to  six  movemer.ts  are  mentioned. 

Committee  recommends   three    (3). 

(g)  Cable  or  chain  hoist: 

Seven  replies  favor  the  cable  and  twenty-seven  recommend 
the  chain.  This  subject  has  been  given  very  careful  considera- 
tion, and  on  account  of  the  economical  cost  of  renewals  and 
repairs  the 
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Committee  recommends  cable  hoist. 
(h)    Friction  or  cable  swing: 

Seven  vote   in   favor  of   Friction   and   thirty-one    recommend 
Cable. 

Committee   reconuncnds  cable  swing. 

(i)     How    extensive   housing    should    be   provided    for   engineer, 
fireman  and  cranesman : 

The  replies  received  from  twenty-six  members   recommend 
permanent   housing,    while   ten    favor    temporary   protection. 

We  believe  that  this  matter  has  not  been  given  the  attention  of  manu- 
facturers and  others  that  it  demands,  although  the  engineer  and  fireman 
are  usually  well  protected,  but  the  cranesman  is  entirely  unprotected, 
and  if  he  is  to  be  retained  as  a  necessary    employe,  he  should  be  housed. 

Committee   recommends  permanent  housing  for  all  employes. 
( j )     Capacity  of  tank : 

Tanks  varying  from  i,ooo  gallons  to  7,000  gallons  are  recom- 
mended. Believing  that  it  is  possible  to  provide  shovel  with 
water  at  least  every  twelve  hours,  the 

Committee  recommends  two  thousand   (2,000)   gallons. 
(k)  .  Capacity  of  coal  bunker: 

From  one  ton  to  six  tons  are  recommended.  Ordinarily  a 
day's  supply  should  be  provided  and  the 

Committee  recommends  four  (4)   tons. 

(1)     Give  list  of  repair  parts  necessary  to  carry: 

From  the  various  replies,  the  Committee  recommends  the 
following: 

I  Hoisting  Engine  Cable  or  Chain, 
I  Thrusting  Engine  Cable  or  Chain, 
I   Swinging  Engine  Cable  or  Chain, 
1  set  Dipper  Teeth, 
I  Dipper  Latch, 
12  Cold    Shuts, 
6  Cable  Clamps, 
I  U  Bolt, 

Duplicate  of  each   Sheave  on  Machine, 
Lot  Assorted  Bolts  and  Nuts, 
Lot  Assorted   Pipes  and  Fittings, 
Lot  Assorted  Water  Glasses. 

(m)     Give  list  of  repair  tools  necessary  to  carry: 

I   Blacksmith  Forge  with  Anvil  and  complete  tools, 

I  small    Bench   Vice, 

3  Pipe  Wrenches,  assorted  sizes, 

3  Monkey  Wrenches,  assorted  sizes, 
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6  Chilson  Wrenches,  assorted  sizes, 
I  Ratchet  with  assorted  Twist  Drills, 
6  Round  Files,  assorted  sizes, 
I  Hack-saw,  with  twelve  blades, 
I  set  Pipe  Taps  and  Dies, 

1  set  Bolt  Taps  and   Dies, 

6  Cold  Chisels,  assorted  sizes, 

2  Machinists'  Hammers, 
2  Sledges, 

2  Switch  Chains, 
2  Re-railing  Frogs, 
2  Bail-Bearing  Jacks, 
I  Siphon,  complete, 
I  Axe, 
I  Hand   Saw, 

1  set   Triple   Blocks,   with    rope, 

2  Lining  Bars, 
I  Pinch  Bar, 

6  Shovels, 

6  Picks, 

I  Coal    Scoop, 

I  Flue  Cleaner, 

I  Fire  Hoe, 

I  Clinker  Hook, 

1  Slash  Bar, 

2  Hand  Lanterns, 
2  Torches, 

Assortment  of  Packing, 
Assorted  Oil,  in  cans. 

(n)     What  spread  of  Jack  Arms : 

Replies  received  show  a  great  difference  of  opinion  varying 
from  fourteen  feet  to  twenty-eight  feet.  Having  in  mind  that  it 
is  often  necessary  to  provide  for  narrow  cutting,  the  Com- 
mittee believes  that  an  extra  short-arm  should  be  provided  for 
each  shovel. 

Committee  recommends  eighteen   (i8)  ft. 
(o)     How  many  pitmen: 

From  three  to  eight  are  recommended;  but  under  ordinary 
circumstances  the 

Committee  recommends  four  (4)  men. 

(p)     Would  it  be  advisable  to  have  shovel  made  to  swing  back 
of  the  jack  arms  so  that  cars  can  bei  loaded  in  tunnel  or 
rock   work  where  entrance   is   narrow   and  cars  cannot  be 
pulled  beyond  shovel: 
Replies  in  favor,  13;  against,  23. 

Committee  recommends  suggestion. 

(2)    What  form  of  shovel  track  would  you  prefer : 
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"T"  rails  on  ties  are  mentioned  by  twelve  members,  chain 
rails  are  mentioned  by  five  members,  rails  on  stringers  are 
mentioned  by  two  members. 

Committee  recommends  "T"  Rails,  on  Ties. 

(2)      (a)     Length  of  pieces  for  ordinary  work: 

Replies  vary  from  three  and  one-half  feet  to  six  feet. 
Committee  recommends  six   (6)    ft. 
(b)     What  form  of  joint: 

Replies  are  as  follows,  viz. : 
Strap,  27. 
Chair,  5. 
Lap,  2. 

Lap  and  Pin,  r. 
Hasp,   I. 
U  Bolt,   I. 

Committee  recommends  Strap. 

(3)  Wliat  gage  of  track  would  you  prefer  for  dump  cars? 

Standard,  32. 
Narrow,  3. 

Committee  recommends  Standard. 

(4)  What  style  and  capacity  of  cars,  namely,  dump  cars,  flat  car.'< 
cars  with  sides  for  plows  and  unloaders  or  other  special 
forms,  would  you  prefer  for  the  following"  kinds  of  work : 

(a)  Cut  under  six  feet,  haul  less  than  one  mile; 

Replies  to  circular  letter  all,  except  one,  favor  the  ordinary 
Contractors'  Dump  Cars  with  capacities  varying  from  five  yards. 

Committee    recommends   six    (6)    yard   Dump    Car. 

(b)  Cut  under  six  ft.,  haul  one  to  six  miles  : 
6  members  favor  five-yard  dump  car, 

2  members   favor  twelve-yard   dump   car, 

3  members  favor  Standard  Flat  car, 

9  members  favor  Standard  car,  with  permanent  sides. 

Committee    recommends    Standard    car    zvitli    permanent    sides    zcith 
swinging  hinged  doors  and  cars  connected  by  aprons. 

(c)  Cut  under  six  feet,  haul  six  miles  or  over: 
7-yard  Dump  Car  is  recommended  by  5  members, 
30-yard  Dump  Car  is  recommended  by   i   member, 
Standard  Flat  Car  is  recommended  by  14  members. 

Car  with  Permanent  Sides  is  recommended  by  10  member>. 

Committee  recommends  same  car  as  shozvn  in   connection  with   (b). 

(d)  Cut   over  six   feet,   haul   less   than   one   mile: 
9  members  favor  five-yard  dump  car, 
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3  members   favor  twelve-yard  dump  car, 
I   member  favors  fifteen-yard  dump  car, 
9  members  favor  Standard  Flat  car, 
10  members  favor  Standard  car  with  permanent  sides. 

Committee  recommends  six  (6)  yard  Dump  Car. 

(e)  Cut  over  six  feet,  hayl  one  to  six  miles: 

Replies  received  all,  except  one,  favor  either  Standard  Flax 
Car    (12)    or  Standard  Car  with  Permanent  Sides. 

Committee  recommends  ear  described  under  (b). 

(f)  Cut  over  six  feet,  haul  over  six  miles: 

Eight  replies  favor  Dump  Cars  varying  from  five  yards  to 
thirty  yards  capacity;  twelve  are  in  favor  of  Standard  Flat 
Car  and   nine   recommend   Standard   Car  with  permanent  sides. 

Committee  recommends  car  described  under  (b). 

The  Committee  recognizes  the  fact  that  the  standard  commercial 
Flat  Car  must  frequently  be  used,  and  when  this  is  necessary,  especial 
care  should  be  taken  to  cover  certain  important  matters : 

(i)     See  that  car  is  strong  enough  for  the  purpose. 

(2)  Note  that  brake-wheels  are  in  good  condition,  and  in  case 
material  is  to  be  plowed  off,  these  must  be  placed  at  side 
of  car. 

(3)  Care  should  be  taken  that  stake  pockets  are  in  good  con- 
dition and  not  spaced  too  far  apart.  Four  feet  apart  in 
center  of  car  and  closer  at  ends  is  considered  good  practice. 

(4)  See  that  the  stakes  are  strong  enough  to  prevent  accident 
or  derailment  of  plow. 

(g)  Where  dirt  is  dumped  from  trestle  in  fill  for  haul  less 
than  two  miles,  would  you  use  light  cars  and  light  trestle 
or  heavy  cars  and  strong  trestle? 

15  replies  favor  light  cars  and  trestles, 
12  replies  favor  heavy  cars  and  trestles. 

Committee  recommends  light  cars  and  light  trestles. 

(5)     Has   your   experience    with    unloading   plows,   using    cable,    been 
satisfactory  ? 

31  ayes. 
6  noes. 

(a)     Would    you    handle    cable    by    locomotive    or    an    auxiliarv 
engine  and  drum,  and  if  the  latter,  give  kind  and  size? 
3  members  recommend  locomotive  and 

32  auxiliary  engine. 

Sizes  of  Drum  vary  from  three  feet  to  five  feet,  two  mem- 
bers recommending  each  three  feet,  four  feet  and  five  feet  sizes; 
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one   member  three   and   one-half  feet   and  one   other  four  and 
one-half  feet. 

Engines   are  mentioned  as   10x12  and   12x12,  25-ton,  60-ton 

and  25  horsepower. 

Committee   recommends   handling   Cable  ivith  an   Auxiliary   Engine 

and  Drum.     The  machine  should  be  ablei  to  develop  60  ton   (pull)   and 

will  weigh  about  28  tons.     Steam  cylinders  12x12.     Diameter  of   drum, 

4V$  feet,  which  will  permit  four  wraps  ol  1V2  cable  to  be  made. 

(b)  When  raising  track,  do  you  prefer  center  plow  for  unload- 
ing or  two  side  plows  used  alternately? 

29  replies  recommend  Center  Plow  and  6  the  use  of  Side 
Plows. 
Committee  recommends  that  when  raise  is  light,  the  Center  Plow  be 
used,  but  that  Side  Plows  are  more  advantageous  in  making  heavy  fills. 

(c)  Has    your    experience    with    reversible    plow    been    satis- 
factory ? 

Ayes,  I. 
Noes,  12. 

Committee  does  not  favor  its  use. 

(d)  What  style  plow  do  you  prefer? 
16  replies  favor  Earnhardt  and 

7  others  mention  Marion. 

The  Committee  desires  to  avoid  the  mentioning  of  the  names  of  any 
and  all  special  manufacturer's  articles  and,  as  many  railroads  build  their 
own  plows,  we  can  see  no  reason  for  recommending  anything  more  than 
a  strong  plow  with  trailer.  It  should  be  not  less  than  four  and  one-half 
(414)  ft.  high  and  thirty-six  (36)  ft.  in  length  over  all. 

(e)  What  weight  of  plow  do  you  prefer? 
Replies   vary  from  two  tons  to  ten  tons. 

Committee  recommends  seven  (7)  tons. 

(6)  What  size  and  length  of  cable  do  you  prefer? 

Recommendations  from  one-half  inch  to  two  inches  in  diam- 
eter and  from  600  feet  to  1,800  feet  are  made. 

Committee  recommends  one  and  one-half  (iH)  in.  diameter  and 
twelve  hundred   (1,200)   ft.  length. 

(7)  What  form  of  Spreader  or  Leveler  do  you  prefer? 

Several  special  makes  of  Spreader  are  mentioned  in  replies. 

Committee  recommends  Two-Arm  Spreader. 

(a)     Is  it  handled  by  steam  pressure,  air  pressure  or  windlass? 
One  reply  favors  steam,  six  windlass  and  twenty-six  air. 
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Committee  recommends  Air  Pressure. 

(b)  What  spread  of  wings  do  you  prefer? 

Of  the  31  replies  received,  there  are  no  less  than  12  differ- 
ent spreads  mentioned,  varying  from  5  ft.  to  35  ft. 

Committee  recommends  tzcenty   (20)   ft. 

(c)  What  limiting  angle  of  wings  do  you  prefer? 

Replies  received  vary  from  20  to  80  degrees,  but  the  largest 
vote  favors  45  degrees. 

Committee  recommends  forty-Uve   (45)   degrees. 

(d)  To  what   height   above    rail   should   spreader   deposit   ma- 
terial ? 

Heights  varying  from  four  inches  to  five  feet  are  recom- 
mended. 

Committee  recommends  two   (2)  ft. 

(e)  To  what  depth  below  the  rail  should  it  work? 
From  six  inches  to  two  feet  are  favored. 

Committee  recommends  two   (2)   ft. 

(8)    In  making  embankments  with  trains  on  a  new  location,  within 
what  vertical  limits  and  under  what  conditions  would  you  use 
each  of  the  following  methods : 
(a)     Raising  track  with  material  dumped. 

Replies  vary  from  two  feet  to  fifteen  feet. 
Committee  recommends  four   (4)   ft. 

(b)  A  central  core  put  up  by  teams  and  widened  with  shovel 
material. 

The  same  variation  occurs  in  the  recommendations  made 
running   from   two   feet   to   twenty   feet. 

Committee  does  not  recommend  this  method  unless  material  can  be 
cheaply  borrowed  from  the  side.     Would  not  exceed  four  (4)  ft. 

(c)  A  temporary  filling  trestle. 

Rephes  to  letter  of  inquiry  varied  from  four  feet  to  sev- 
enty-five feet.  This  question  naturally  depends  on  the  avail- 
ability and  expense  of  securing  the  timber.  Under  ordinary 
circumstances,  the 

Committee  recommends  temporary   trestle  for  fills  over  four  feet  in 
height. 

(d)  Describe  any  other  method  used. 

Only  nine  replies  were  received  to  this  inquiry,  and  of 
these  three  recommended  building  narrow  or  standard  gage 
track  on  the  natural  surface,  and  then  unload  material  with  side 

20 
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plow  or  dump  cars;  jacking  track  up  as  material  is  deposited. 
Four  others  call  attention  to  the  availability  of  contractors' 
dump  wagons  and  carts.  One  recommendation  advocates  the 
suspension  of  two  cables  held  at  proper  spacing  to  support  a 
dumping  track. 

The  Committee  would  call  attention  to  the  ordinary  graders,  cable- 
ways,  power  scrapers,  traveling  cranes,  suspended  bridges  and  other  types 
of  mechanical  appliances  that  might  be  used  according  to  the  conditions 
and  the  amount  of  material  to  be  handled. 

(9)    In    making    embankments    with    trains    in    present    location    of 
track   under  traffic,   imder  what  conditions   would  you   use   each 
'  of  the  following  methods    (explain   fully)  : 

While  there  are  many  dififerent  opinions  expressed,  the  majority  of 
rcpliLS   received   would   indicate  that   it  is   not   wise   to   exceed   four    feet. 

Committee  recommends  that  n'here  sand,  grazrl,  or  cinders  can  be 
used,  under  ordinary  circumstances  it  might  be  economical  to  use  this 
method  Zi'here  track  is  not  to  be  raised  to  exceed  four  (4)   ft. 

The  lifting  should  be  done  gradually  with  no  one  lift  to  exceed 
six  inches. 

(b)  Build    temporary    track    to    one    side    to    carry    traffic    and 
jack  main  track  up  vertically  in  place. 

Members  have  replied  advocating  this  method  for  various 
heights  from  two  feet  to  twenty  feet. 

Committee  has  in  mind  the  length  of  track  affected  and  the  cost  of 
the  temporary  track,  but  zvhcre  traffic  is  heavy,  zvould  recommend  thi^ 
method  zvhere  track  is  to  be  raised  to  exceed  four  (4)  ft. 

(c)  Throw  main  track  to  one  side  and  build  trestle. 
Heights  varying  from  three  feet  to  thirty  feet  are  favored 

by  replies.  This  question  would  be  affected  by  the  ease  and 
economy  of  securing  timber,  but 

Committee  believes  the  method  zvould  be  economical  zvhcre  track  is 
to  be  raised  to  exceed  six  (6)  ft. 

(d)  Describe  other  methods  used. 

This  question  is  answered  by  six  members,  half  of  whom 
suggest  that  a  new  temporary  grade  be  built  outside  of  the 
slope  stakes  for  new  embankment.  The  balance  call  attention 
to  the  practicability  of  first  widening  the  embankment  to  its 
full  width  and  as  much  higher  as  it  can  be  made  to  avoid  in- 
terference with  traffic.  Then  build  a'  new  track  on  this  new 
bank  when  old  track  can  be  taken  up  and  bank  raised.  This 
method  to  be  continued  until  final  height  is  attained. 
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(lo)  Under  the  following  conditions,  what  allowance  would  you 
make?  Would  you  allow  for  shrinkage  in  vertical  height  or  in 
width,  or  both? 

20  members  voted  in  favor  of  both, 
2  members  favored  vertical  only,  and 
2  recommended  horizpntal  only. 

Committee  rceommcnds  both  for  green  banks,  and  would  respect- 
fully call  attention  to  a  letter  written  by  the  chairman  in  reply  to  an  in- 
quiry made  by  one  of  the  members  of  the  Association : 

"New  York,  June  26,  1906. 

"In  reply  to  yours  of  June  19th,  I  would  say  that  there  appear  to  be 
no  theoretical  rules  to  decide  what  amount  of  allowance  should  be  made 
for  settlement  of  new  embankments.  Naturally  the  question  is  affected 
by  the  character  of  the  foundation  under  the  embankment  and  the  char- 
acter of  the  material  making  the  embankment.  The  ordinary  rule  to 
use  10  per  cent,  for  shrinkage  in  height  up  to  twenty-five  feet  and  15 
per  cent,  for  banks  over  twenty-five  feet  in  height,  looks  well  in  a  book, 
but  it  would  appear  foolish  to  follow  such  a  rule  by  making  a  loo-foot 
embankment  115  feet  high.  If  you  did  so,  the  chances  are  that  you 
would  have  to  lower  the  grade  before  track  was  laid. 

"I  believe  it  a  good  practice  to  allow  10  per  cent,  in  height  with  a 
limit  of  five  feet,  which  I  would  not  exceed  except  foundation  is  in  a- 
swamp. 

"It  is  now  conceded  that  the  proper  place  to  provide  for  shrinkage 
of  embankments  is  in  the  width,  and  here  there  can  be  no  limit.  How- 
ever, in  your  case,  where  you  have  good  material  and  foundations,  with 
very  high  banks,  I  would  recommend : 

10  per  cent,  increase  in  width  of  banks  less  than  25  ft.  high. 
15  per  cent,  increase  in  width  of  barks  between  25  ft.  and  50  ft.  high. 
20  per  cent,  increase  in  width  of  banks  between  50  ft.  and  75  ft.  high. 
25  per  cent,  increase  in  v/idth  of  banks  between  75  ft.  and  100  ft.  high. 

"Possibly  the  latter  is  too  strong,  and  that  there  should  be  a  limit  to 
increasing  width  as  well  as  height.  Banks  will  naturally  settle  and 
you  want  the  material  on  the  shoulders  so  that  the  track  forces  may  keep 
the  roadway  built  up  to  its  full  height  and  width." 

Ta)     Black  dirt,  trestle  filling. 

Replies  vary  from  7  per  cent,  to  30  per  cent. 

Committee  recommends  fifteen  per  cent.   (15%). 

(b)  Black   dirt,  raising  under  traffic. 

From  4  per  cent,  to  20  per  cent,  are  favored. 

Committee  recommends  five  per  cent.   (5%). 

(c)  Clay,  trestle  filling. 

Members  recommend  from  5  per  cent,  to  30  per  cent. 
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Committee  recommends  ten  per  cent.   (io%). 

(d)  Clay,  raising  under  traffic. 

Percentages  varj'ing  from  2  to  20  are  advocated. 

Committee  recommends  Hve  per  cent.   (5%). 

(e)  Sand,  trestle  filling. 

From  3  per  cent,  to  15  per  cent,  are  mentioned. 

Committee  recommends  si.v  per  cent.   (6%). 

(f)  Sand,  raising  under  traffic. 

The    same    variation    occurs    in    the    replies    recommending 
from  2  per  cent,  to  15  per  cent. 

Committee  recommends  Hve  per  cent.   (5%). 

(2)  "Submit  a  blank  form  that  can  he  recommended  to  show  the  results 
of  steam  shovel  work,  including  quantity  of  material  moved  and 
itemized  cost  of  same." 

Three  separate  forms  are  suggested  as  follows,  viz. : 

First:  A  daily  report  for  the  purpose  of  competition  between 
different  shovel  crews  through  the  medium  of  local  advertising  the 
result  of  each  shovel  track.  Such  reports  are  known  to  have  an 
excellent  effect  on  the  unit  cost  of  the  work. 

Second:  A  Daily  Report  for  local  office  use  in  reporting  amount 
of  work  done  with  itemized  costs. 

Third:  A  Monthly  Report  for  General  Office  use  in  reporting 
details  for  the  period's  operation. 


RECORD  OF  STEAM  SHOVEL  NO 

From M 190. ..  to M igo. . . 

Engineer Cranesman 

Material Average  Haul  Stations 

Locomotives  No Cars  No Size 

Total  Minutes  Loading No.  Cars ]\Iinutes  Per  Car No.  Dippers.  . .  . 

Seconds  Per  Dipper Approximate  Yardage 

Total  Minutes  Moving No.  Moves Minutes  Per  Move 

Minutes  Delays  AVaiting  for  Cars Weather 

Other  Delays   (Minutes) General  Conditions 

Total  Hours  Worked Hours  Lost Total  Hours  on  Duty 

Cause   Hours   Lost 

^^>      S)         '^         j-^         ^  -f  OTHER  Cause  of  Delay 

?l      ^.S*     l^i     'S'Sl     ^  si         DELAYS.  and 

y  i;^       >^C)     -^rt^      y  .        y        y  Remarks. 

2-       2j       <uo      Sco.r:         -      •="      .S 

^  "*      7i  Q'"     Uh--"     H        0      Q       H       From       To 

Time.  Time.  Mins.  Time.  Mins.   No    No.  Mins.  Time.     Time.  Mins. 


Totals 

Inspector. 
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Ste-\m  Shovel  No at 190 . 

Face  of  Bank Average  Length  of  Haul 

Details  of  Labor.  Cars  Loaded. 


U 


OS  ^  _  — 

S.  S.  Crew    commenced    \vk....M.  ~„       -•    4"  «     •§  «      1 

S.  S.  Crew    quit    work M.  u'"      55     >-        H 

Hrs.    Rate.    Amt.Hart   Convert  34'    80,000    35.6  side ' 

S.   S.   Engineer   , 34'    80,000     25.3  cent 1 

S.  S.  Fireman Rogers 34'  100,000    29.3 i 

S.    S.    Cranesman 34'    80,000    29.3 

S.  S.  Watchman 34'    40,000     1 

S.  S.  Pitmen Haskell  &  ; 

Car  Repairers    Barker 40'    80,000    36.20 I 

Laborers li 

Pumpmen Ingoldsby.  ...    42'  100,000    42,4 1 

Total '■■ 

Flats 80,000    29.3 j 

Spotting  Crew  com'd  work.  . .  . M 60,000    22    

Spotting  Crew  quit  work M 50,000     18.3 '. 

40,000     14.7 ' 

Coal 6o,coo    36    

Engine    No 50,000    32.5 " 

Engine   No 40,000    23    

Engine    No 6  yd.   dump  cars 6    ' 

Conductor     5  yd.   dump   cars 5     I 

Brakemen      Total i 

Engine  Watchmen Loads  left  over  from  previous  day ■ ■; 

Average  cost  per  cubic  yard  for  labor 

Average  cost  per  cubic  yard  for  material ; 

Total Average  cost  per  cubic  yard  for  superintendence,     ! 

Superintendence,    etc plant,    rent,    etc j 

Grand   Total    Total  .Average  cost  per  cubic  yard ; 

SUPPLIES,     locomotives,     CARS,     PUMPS,     ETC. 

Cts.      Pts.      Cost.  Cts.       Pts.      Cost.      ■ 

Valve  Oil    Coal  Loco ■. i 

Engine  Oil  Waste  C.  C 

Car   Oil    Waste   Wool 

Signal   Oil    

Headlight  Oil 

Coal    Shovel    Total 

Kind  of  material   handled 

Character  of  work  performed 

Track    Conditions    

General    Conditions    

Weather     


Delays. 
Hrs.       Min.  Remarks. 


Waiting  for   cars    ... 

Moving    Shovel    

Repairing    Shovel    .  . . 
Repairing  Locomotive 

Other  Delays    

Total  Delays    . . . 


(Signature). 
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Steam    Shovel    No at Month. 

Average  Face  of  Bank Average  Length  of  Haul. 


General: 

Number  of  Days  Worked 

Average  Daily  Car  Output 

Average  Cubic  Yards  per  Car... 

Total   Cubic  Yards 

Average  Cubic  Yards  per  Day..  . 
Actual  Time  Worked  by  S.  S..  .. 

Time    Delayed    , 

Percentage   of   Delays    

Number  and  Kind  of  Cars  Used. 
Number  and  Kind  of  Engines... 

Kind  of  Material  

Character  of  Work   Performed.  . 

Track    Conditions    

General    Conditions    

Weather    


Labor: 

Cost  Shovel  Service   

Cost  Train  Service   

Cost  Car  Repairs    

Cost  Dumping  Cars    

Cost  of  Superintendence  and   Phnt   Rental. 
Total    Cost    Labor 


Total.         Per  Dav.     Per  Yard. 


Used  Cost 

Total  Cost.     Per  Day.      Per  Day. 
Supplies: 

Valve  Oil   

Engine    Oil    

Car  Oil  

Signal   Oil    

Headlight    Oil    

Coal    for    Shovel 

Coal   for   Engine 

Waste  C.  C.  and  Wool 

Total    Supplies    

Per  Yard.  Per  Day. 

Total: 

Total  Cost  Labor    

Total  Cost  Supplies    

Total  Cost  S.  S.  Work 
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The  Committee  would  respectfully  call  the  attention  of  the  members 
to  a  paper  on  the  subject  of  "Cost  of  Steam  Shovel  Work,"  as  presented 
by  Mr.  John  C.  Sesser,  formerly  Engineer  of  Construction,  Chicago,  Bur- 
lington &  Quincy  Railway,  Bulletin  No.  8i,  November,  1906. 

(3)  "Consider  the  question   of  grade  and  curve  improvement  work,  as 

it  applies  to  conditions  inside  cities,  such  as  track  elevation  and 
depression,  confining  these  investigations  to  the  practical  Tvork  and 
methods  and  organi^jation  and  omitting  the  economic  features." 

Your  Committee  is  not  prepared  to  report  on  this  matter  and  re- 
quests that  it  be  referred  back. 

(4)  "Tabulate  and  prepare  information  bearing  upon  the  subject  of  the 

general  practical  zvork  of  grade  and  curve  improvement  zvork, 
confining  these  investigations  to  the  consideration  of  practical 
methods  and  organization  and  omitting  the  economic  features." 

Progress  is  reported  and  request  made  that  this  subject  be  referred 
back  to  your  Committee. 

(5)  "Report  on  the  best  method  of  determining  the  size  of  waterivays." 
In    this    connection,    the    Committee    calls    attention    to    Bulletin    75, 

May,  1906,  in  which  the  late  H.  W.  Parkhurst  presented  an  article,  "The 
Requisite  Waterway  for  Railroad  Culverts."  This  subject  is  one  of  con- 
siderable importance,  and  on  which  there  are  many  different  opinions, 
and  as  the  Committee  is  not  prepared  to  do  it  justice,  would  request  that 
it  be  again  referred  to  them. 

Under  date  of  October  9,  1906,  Chairman  J.  V.  Hanna,  of  Committee 
on  Ballasting,  calls  attention  to  the  fact  that  the  Ballast  Sections,  which 
his  Committee  expect  to  recommend  to  the  Association,  will  in  several 
instances  have  but  a  small  margin  of  embankment  left  after  giving  the 
required  depth  and  slope  for  the  ballast.  The  correspondence  resulted  in 
a  joint  meeting  of  the  committees  on  Ballasting  and  Roadway,  which  was 
held  November  6,  1906.  This  meeting  was  attended  by  Messrs.  Hanna, 
Stimson,  Milner,  Causey  and  Walker,  of  Committee  on  Ballasting,  and 
Messrs.  Willoughby,  Coates,  Pence,  Fisher,  Didier,  Bremner  and  Slifer, 
of   Committee  on  Roadway. 

It  was  agreed  that  all  Ballast  Sections  presented  had  sufficient  width 
of  roadway  with  the  possible  exception  of  "Gravel,  Cinders,  Chats,  etc., 
Class  C,"  but  in  view  of  the  attitude  of  the  Association  on  the  subject 
of  the  width  of  roadway  for  the  three  classes  of  track  adopted,  the 
Joint  Committee  deemed  it  inadvisable  to  recommend  increased  width, 
but  concluded  to  suggest  that  the  Association  should  consider  the  question 
of  the  adoption  of  a  Fourth  Qass  of  Track  to  cover  the  construction  of 
Industrial,  Mining,  Logging  and  other  cheap  lines  of  railroad. 
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November  12,  1906,  a  joint  meeting  of  the  Track,  Tie  and  Ballasting 
Committees  was  held  to  consider  points  raised  by  paper  on  "Study  of 
Stresses  in  Track  Superstructure  and  Rational  Design  Based  Thereon," 
by  Mr.  O.  E.  Selby,  Bridge  Engineer,  Cleveland,  Cincinnati,  Chicago  & 
St.  Louis  Railway.  At  this  meeting  it  was  resolved  to  adjourn  to  December 
9,  1906,  at  which  time  the  members  of  the  Roadway  Committee  joined  in 
considering  the  question  with  the 'following  result:  It  was  the  opinion 
of  the  members  of  the  various  committees  who  attended  the  joint  meet- 
ing that  Mr.  Selby's  analysis  was  along  the  right  lines,  although  no 
attempt  was  made  to  follow  it  to  a  conclusion  with  soils  of  different 
supporting  capacities.     It  is  expected  to  cover  this   in  a  future  report. 

CONCLUSIONS. 

(i)  Your  Committee  suggests  the  adoption  of  its  recommendations 
of  general  specifications  for  a  modern  steam  shovel  for  roadway  con- 
struction. 

(2)  We  recommend  the  adoption  of  three  blank  forms  to  show 
the  results  of  steam  shovel  work. 

(3)  If  necessary  to  do  so,  we  recommend  that  the  alternate  specifica- 
tion to  cover  overhaul  clause  be  printed  in  the  Manual  of  Recommended 
Practice. 

(4)  That  no  change  be  made  in  the  widths  of  roadway  as  adopted 

by  the  Association. 

Respectfully  submitted, 

H.  J.   Slifer,   Contracting  Engineer,   New  York,   Chairman. 

R.    C.    Barnard,    Superintendent,    Pennsylvania    Lines,    Cincinnati,    Vice- 

Chairman. 
John   C.   Beye,   Locating   Engineer,   Kansas    City    Soi  .  Ry.,    Mena,   Ark. 
G.  H.  Bremner,  Engineer  Maintenance  of  Way,   Chicago,   Burlington   & 

Quincy,  Chicago,  111. 
F.  R.   CoATES,  Contracting  Engineer,   Chicago,   111. 
Paul  Didier,  Dist.  Engineer,  Baltimore  &  Ohio  Railroad,  Allegheny,  Pa. 

C.  Dougherty,  Assistant  Chief  Engineer,  Q.  &  C.   Route,  Cincinnati,  O. 
S.  B.  Fisher,  Chief  Engineer,  Missouri,  Kansas  &  Texas  Ry.,  St.  Louis, 

D.  MacPherson,    Assistant    Chief    Engineer,   Tr.    Ry.,    Ottawa,    Canada. 
W.  D.  Pence,  Professor  Railway  Engineering,  University  of  Wisconsin, 

Madison,  Wis. 
H.  RoHWER,  Consulting  Engineer,   St.   Louis,  Mo. 

A.  M.  Shaw,  Division  Engineer,  Mexican  Int.  Ry.,  Durango,  Mexico. 
J.  E.  Willoughby,  Eng.  Const.,  Louisville  &  Nashville  R.  R.,  Knoxville, 

Term. 
R.  C.  Young,  Chief  Engineer^  L.  S.  &  I.  Ry.,  Marquette,  Mich. 

Committee. 


Appendices  to  Report  on  Roadway. 

A— THE  REQUISITE  WATERWAY  FOR  RAILROAD  CULVERTS. 
Prepai-ed'  by  the  late  H.   W.   Parkhurst. 

In  the  consideration  of  this  question  it  is  not  expected  to  arrive  at 
an  cxacl  result.  As  will  be  made  clear  in  the  following  discussion, 
that  kind  of  a  conclusion  is  impossible  of  obtaining.  We  may,  however, 
see  what  are  the  elements  of  the  problem,  and  may  get  a  reasonable 
reply. 

(i)  The  first  thing  to  be  ascertained  is  the  area  which  the  pro- 
posed culvert  will  drain.  Evidently  the  magnitude  of  this  area  will  in 
some  measure  be  the  most  important  factor  in  the  case.  An  area  of 
ten  acres  will  need  less  than  a  hundred,  and  that  less  than  a  thousand. 
Size,  therefore,  is  dependent  on  area,  but  it  does  not  vary  directly  with 
the   area   drained,   as    will   be   seen   later. 

(2)  The  second  item  for  consideration  is  the  rate  or  intensity  of 
rainfall  to  be  taken.  This  again  can  rarely  be  obtained  with  accuracy. 
It  is  a  very  variable  rate,  from  two  inches  per  hour  to  a  rate  of  eight 
inches  per  hour,  in  rare  cases,  for  a  few  minutes  at  a  time.  One 
locality  may  be  more  subject  to  pouring  storms  than  another,  depending 
on  peculiar  local  conditions.  It  is  common  to  consider  the  rate  of 
one  inch  per  hour  as  a  fair  maximum,  and  it  is  rarely  exceeded,  and 
may  serve  our  present  purpose. 

(3)  It  will  be  important  to  consider  the  general  shape  of  the 
drainage  area,  whether  it  be  long  and  narrow,  thus  requiring  a  maxi- 
mum time  to  get  the  water  to  the  opening,  or  round  and  compact,  so 
delivering  all  the  water  simultaneously.  If  the  point  of  discharge  is 
nearly  equidistant  from  the  outer  lines,  and  the  feeders  of  the  stream 
are  nearly  of  equal  length,  a  larger  waterway  would  be  needed. 

(4)  The  character  of  the  slopes  must  have  their  due  weight.  If 
steep,  or  if  rocky  and  impervious,  the  rainfall  will  get  to  the  outlet 
with  greater  rapidity  than  if  flat  and  porous.  So,  too,  the  channels  of 
the  smaller  feeders  may  be  influential  in  accelerating  or  retarding  the 
flow  to  the  outlet,  and  arc  not  to  be  overlooked. 

(5)  The  character  of  the  ground  with  reference  to  cultivation  is 
also  to  be  thought  of.  Plowed  ground  is  porous,  meadows  are  less  so, 
and  woods  and  swamps  have  still  different  capacities  to  hold  and  let  go 
the  rainfall  on  them. 

(6)  The  temperature  of  the  air  is  to  be  considered,  as  freezing 
weather  may  prevent  any  flow  of  water,  or  again  it  may  cause  an  accu- 
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mulation  of  snow,  sleet  or  hail,  which  may  be  melted  in  subsequent 
rains,  and  so  increase  the  flow  of  the  stream  beyond  all  precedent. 

(-)  The  ground  may  already  be  saturated  by  rain  or  snow,  and 
therefore  will  let  the  later  rain  pass  more  freely  to  the  outlet.  Or 
there  may  be  subterranean  springs  or  streams  to  feed  the  water  course, 
under  certain  conditions,  thus  increasing  the  outflow.  This  may  be 
further  complicated  by  drift  carried  by  the  stream,  or  by  products  of 
vegetation  which  may  clog  the  waterway,  reducing  its  capacity.  Evapo- 
ration also  may  affect  the  amount  of  the  discharge. 

The  above  conditions  may  combine  in  an  almost  indefinite  variety  of 
ways,  resulting  in  wide  variations  in  the  total  flow,  and  thus  making 
the  size  of  the  culvert  indeterminable.  For  this  reason  it  requires  a 
larger  amount  of  judgment  than  of  mathematics  to  solve  a  given  case. 
The  elements  entering  into  the  individual  case  have  to  be  determined 
first,  and  then  a  fair  allowance  must  be  made  for  the  probability  of 
greatest  flow,  allowing  also  for  the  extreme  improbability  of  a  maximum 
flood  coming  in  the  life  of  the  structure. 

Such,   in   general,   is   the   theory.      What    is   the   practice? 

A  careful  examination  of  textbooks,  papers  on  the  designing  of 
culverts,  sewers,  drains,  bridges,  etc.,  reveals  a  surprisingly  small  amount 
of  valuable  matter.  While  it  is  generally  admitted  that  the  larger  open- 
ings do  not  increase  directly  with  the  area  drained,  there  is  a  great 
variation  in  the  formulas  expressing  this  diminution. 

In  the  following  formulas  the  nomenclature  is  as  follows : 

X  =  the  cross-section  of   waterv.ay  in   square  feet. 
A  =  the  area  drained  in  acres. 
M  =  the  area  of  drainage  in  square  miles. 
C  ;=  a  coefficient,  whose  value  is  to  be  given  in  each  case. 
Q  =  discharge    in    cubic    feet    per    second.       (In    comparing    certain 
formulas,  x  has   been  made  to   equal   Q -^  4.) 

One  of  the  older  formulas,  and  one  often  quoted,  is  that  of  Col. 
Myers,  viz. : 

(i)  .r  =  CV/i.  (The  waterway  equals  coefficient  into  the  square 
root  of  the  area  in  acres.)  In  this  case  "C"  equals  i  for  prairie  and  4 
for    mountains. 

Another   formula  of  simple   form  is : 

(2)  x  =  A  divided  by  C.  (This  is  by  R.  M.  Peck,  of  the  Missouri 
Pacific  Railway.) 

A  formula  given  in  the  Engineering  News,  September  18,  1886,  is 
as   follows : 


(3)  x=  y/8  A 

Mr.  J.  T.  Fanning  gives  a  forniuh  which  may  be  written  as  follows : 

(4)  .r  =  .so    V  M' 
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Mr.  Robert  McMath  gives  a  formula    (for  sewers)    as  follows: 


(5)  ^  =  0.34375    V  15  A\ 
Prof.  A.  N.  Talbot  gives: 

(6)  x  =  C  V  A^.  (Coefficient  into  fourth  root  of  the  cube  of  the 
area  in  acres.) 

In  this  case  C  is  from  .2  to  .8,  prairie  to  mountains. 

(7)  Still    another  .  formula    is    presented    by    the    following : 

jr  .  -F 

;r  =  for  areas  of  over  one  square  mile,  and  x^   - —  for  smaller 

10  CI- 

areas,  in  which  the  formula  F  =  the  total  flow  from  the  area  drained ;  C 
is  a  variable  coefficient,  and   V  the  velocity  of  flow  in   feet  per  second. 
The    flow,    F,    is    given    as    3,000    times    M    (area    in    square    miles) 

divided  by  3-f-2VM The  divisor   10,  given  in  the  first  formula, 

is  too  large  a  velocity  of  flow,  since  it  would  rarely  happen  that  the 
speed  of  water  flowing  through  a  culvert  would  attain  10  ft.  per  second. 
Five  or  six  feet  per  second  would  make  results  compare  with   formulas 

5  and  6,  and  therefore  more  correct. 

(8)  Formula  8  shows  the  scheme  adopted  by  the  Atchison,  Topeka 

6  Santa  Fe,  and  its  results  are  given  in  the  tabular  statement.  In  com- 
menting on  the  results,  Mr.  James  Dun,  Chief  Engineer  of  the  System, 
says :  "I  do  not  believe  that  any  satisfactory  formula  has  been  secured 
in  maximum  floods.  .  .  .  The  tables  have  been  in  use  extensively  for 
the  past  fifteen  years  on  the  Santa  Fe,  and  in  nine  cases  out  of  ten 
have  given  satisfaction."  Comparing  the  Santa  Fe  diagram  with  the 
others,  it  will  be  seen  to  give  somewhat  larger  results  than  either  Nos. 
S  or  6.  The  figures  do  not  plat  to  a  regular  curve  or  straight  line,  and 
perhaps   need   some    adjustment. 

Fig.  I  shows  the  results  of  the  several  formulas,  giving,  however, 
generally,  only  the  maximum  values,  so  as  to  make  the  comparison  the 
more   clear.     With    regard   to    Fig.    i,    it   may   be    noted : 

(i)  That  there  is  only  one  straight-line  formula,  viz..  No.  2,  and 
that  this  gives  the  smallest  values  for  the  resultant  area  of  waterway. 
Upon  a  very  brief  examination,  it  is  evident  that  this  formula  cannot 
be  correct,  as  it  makes  no  allowance  for  the  very  patent  fact  that  the 
larger  areas  will  not  send  the  same  proportion  of  effluent  as  smaller 
ones.  Some  means  must  therefore  be  provided  to  cut  down  the  pro- 
portionate result  as  the  area  increases  in  size.  This  is  done  by  the 
principle  of  making  the  result  the  third  root  of  the  second,  or  the  fourth 
root  of  the  third  power.  The  diagram  gives  five  other  forms,  of  which 
Nos.  5  and  6  are  close  together,  and  quite  nearly  parallel.  It  should 
be  understood  that  No.  5  was  devised  for  use  in  sewer  work,  and  is 
from  the  same  original  data  as  No.  6  (both  being  from  the  work  and 
experiments  of  Burkli-Ziegler,  on  whom  reliance  is  had  for  the  most 
valuable  data  in  the  measurement  of  the  discharge  of  small  and  large 
streams.) 

The    writer    appends    a    list    of    some    of    the    authorities    examined. 
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papers  read,  etc.,  and  would  recommend  the  reader  to  make  personal 
examination  of  these,  rather  than   to  take  it  all   for  granted. 

A  careful  consideration  of  the  several  formulas  has,  however,  sat- 
isfied the  writer  that  we  cannot  do  better  than  to  adopt,  for  its  rea- 
sonable use,  the  formula  of  Prof.  A.  N.  Talbot,  No.  6,  of  the  above. 
This  seems  to  have  the  true  elements  in  it,  and  makes  also  a  fair  mean 
of  all  the  formulas  given  in  the  list  herein  quoted.  A  very  well  written 
paper  on  this  subject  is  by  the  Professor  above  referred  to,  and  the 
writer  refers  the  reader  particularly  to  this  paper  for  the  best  discussion 
of  the  whole  subject  that  he  has  seen. 

The  writer  attaches  a  little  book  of  tables  which  have  been  in  use 
on  the  Illinois  Central  R.  R.  for  several  years,  showing  at  least  one 
form  of  actual  practice.  He  is  also  advised  that  formula  7  has  been 
satisfactorily  used  on  the   Burlington    System. 

LIST    OF    PAPERS,    ARTICLES,    ETC.,    ABOVE    REFERRED    TO. 

Determination  of  Size  of  Sewers,  McMath,  Proc.  A.  S.  C.  E.,  Vol. 
XVI,   p.    179. 

Work   on   Masonry,    Prof.   I.    O.    Baker. 

Waterways  for  Railroad  Culverts,  Selected  Papers,  Engineering 
Club,   University   of   Illinois,    1887-8. 

Engineering  News,  October  21,   1897. 

Relation  between  Rainfall  and  Discharge  of  .Sewers,  A.  S.  C.  E., 
Vol.  XX,  p.  I. 

Washouts  of  Railroad  Culverts,  Journal  Engineering  Society,  Vol. 
V,  p.  304. 

Washouts,  their   Prevention,   Railroad  Gazette,   May  20,   1888. 
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DIAGRAM    SIHMVING    FORMULAS    FOR    RAILROAD   CILVF.RTS    FOR   COMPARISON. 
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T.VI5ULAR    COMPARISON    OF 
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TABLE    SHOWING   APPROXIMATE   AREAS  OP   WATERWAY    FOR   VARIOUS 
DRAINAGE   AREAS. 

Atchison,  Topeka  it  Santa  Fe  Railway  System. 
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TABLE  SHOWING  APPROXIMATE  AREAS  OF  WATERWAY   FOR  VARIOUS 
DRAINAGE  AREAS— Continued. 

Atchison.  Topeka  A  Santa  Fe  Railway  System. 
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The  above  classitication  by  stales  is  for  convenience  only,  and  merely  denotes  the 
general  characteristics  of  topography  and  rainfall. 

Column  2  in  this  tabic  is  prepared  from  observations  of  streams  in  Southwest  Mis- 
souri, Eastern  Kansas,  Western  Arkansas  and  the  Southeastern  portions  of  ihe  Indian 
Terrilorj".  In  all  of  this  region  steep,  rocky  slopes  prevail  and  the  soil  absorbs  but  a 
small  percentage  of  the  rainfalls.  It  indicates  larger  waterways  than  are  required  in 
Western  Kansas  and  level  portions  of  Missouri,  Colorado,  New  Mexico  and  Western  Texas. 
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CONCRE'l'R  ARCIIKS,  DRAINAGE  ARKAS.  ETC. 
lUiuois  Central  Railroad. 
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3.91 
5.58 
6.15 
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10.84 
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171.79 
301.76 
440.00 
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Fig.   2. 


B— COST    OF    STEAM    SHOVEL   WORK. 

By   Johjst    C.    Sesser,    Engineer  of   Construction,    Chicago,    Burlington    & 

Quincy  Railway. 

The  steam  shovel  has  made  it  possible,  in  the  rebuilding  of  the  rail- 
roads throughout  the  country,  to  do  grading  which  heretofore  was  im- 
practicable. 

The  railroads  are  doing  or  organizing  to  do  their  steam-shovel  work 
with  company  forces  and  equipment.  That  they  are  better  fitted  and 
able  to  do  this  work  from  25  to  30  per  cent,  cheaper  than  the  price  for 
which  it  could  be  contracted  is  a  fact  without  question. 

In  view  of  the  great  amount  of  re-alinement  and  grade  reduction 
work  now*  being  done,  it  is  not  surprising  that  the  railroad  companies 
have  gone  into  this  work  to  quite  an  extent  and  thus  effected  a  saving 
which  a  well-managed   road  cannot   afford  to  overlook. 

Among  the  various  jobs  of  grade  reduction  work  which  were  done 
on  the  Burlington  System  during  the  season  of  1906,  there  were  two  on 
the  Beardstown-to-Centralia  Division,  known  as  the  Big  Shoal  and  Little 
Shoal   Cut-off,   respectively. 

BIG    SHOAL    CUT-OFF. 

The  Big  Shoal  Cut-off  was  a  change  of  alinement  and  grades  be- 
tween Sorento  and  Reno,  111.  On  this  cut-off  there  were  318,711  cubic 
yards  of  earth  to  be  moved,  of  which  251,711  cubic  yards  were  steam- 
shovel  work.  Bids  were  asked  of  the  larger  contractors  of  the  country 
for  this  grading,  and,  while  their  prices  per  yard  were  reasonable,  they 
were  higher  tlian  that  for  which  the  company  could  do  the  work.  Con- 
sequently it  was  decided  that  the  company  should  do  the  work  them- 
selves, with  their  own  forces  and  equipment. 

A  record  of  the  costs  of  this  work  will  possibly  be  of  interest,  as 
would  also  a  comparison  of  the  cost,  to  the  company,  for  work  done 
by  its  own  forces  with  that  for  which  the  contractor  would  have  done  the 
same. 

On  this  work  two  temporary  trestles  were  built,  having  a  total 
length  of  2,961  ft.  and  an  average  height  of  40  ft.  The  material  for  the 
embankment  was  hauled  from  the  north,  an  average  distance  of  one  and 
one-half  miles.  The  average  depth  of  cut  was  15  ft.  The  material 
handled  was  clay.  On  account  of  numerous  springs  encountered,  both 
material  and  steam-shovel  pit  were  very  wet,  which  delayed  this  work 
to    some   extent.     At   times   the   clay    would    leave    the    dipper    in   chunks 
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as  large  as  the  dipper  itself.  This  made  the  dumping  of  cars  from 
the  high  trestle  rather  dangerous,  and  necessitated  the  locking  of  the 
cars   to   the    trestle   before   thej'   were    dumped. 

THE     CAMP. 

The  work  being  entirely  separate'd  from  the  main  line,  where  board- 
ing cars  would  have  been  impracticable,  bunk  houses  were  built  for  the 
men  employed  on  this  work.  These  houses  were  constructed  out  of  the 
ordinary  rough  lumber,  matched  lumber  being  used  for  the  flooring  only. 
The  camp  consisted  of  a  bunk  house  for  the  laborers,  cook  house,  bunk 
house  for  the  shovel,  engine,  and  bridgemen,  commissary,  bath,  and  oil 
house.  The  bunk  house  for  the  laborers  was  16x62x10  ft.  high.  This 
building  accommodated  seventy-two  men.  One  single  row  of  bunks  was 
built  on  each  side  of  the  building,  and  a  double  row  through  the  center. 
These  bunks  were  6x2  ft.  6  in.  wide.  This  left  an  aisle  of  3  ft.  6  in., 
which  was  ample. 

The  bunk  house  for  the  engine,  bridge  and  shovelmen  was  16x56x10 
ft.  high.  This  building  was  divided  into  three  compartments,  so  as  to 
keep  each  class  of  men  by  themselves.  Bunks  were  built  to  accommo- 
date twenty  shovelmen,  sixteen  bridgemen  and  twenty  trainmen. 

The  cook  house  was  16x110x10  ft.  high,  with  the  kitchen  (16x24  ft.), 
in  the  center.  The  dining  rooms  were  at  either  end  of  the  building. 
The  room  for  the  laborers,  at  one  end,  would  accommodate  eighty  men, 
and  the  room  at  the  other  end  sixty  men,  which  was  used  by  the  shovel, 
train,  and  bridgemen  only. 

The  commissary  was  a  small  building,  18x24  ft-,  '"  which  was  kept 
supplies  for  the  men,  kitchen,  etc. 

Board  was  furnished  the  men  far  $3.75  per  week  by  the  boarding 
contractor  for  the   System, 

WATER     SUPPLY. 

Water  was  supplied  to  the  shovel  by  a  two-inch  pipe  line,  laid  on 
the  ground  outside  of  the  digging  line.  At  every  hundred  feet  this  pipe 
line  had  a  "T"  with  a  tap,  and  by  means  of  a  long  rubber  hose  water 
could  be  supplied  the  shovel  at  all  times,  thus  avoiding  the  usual  delay 
of  siphoning  water  which,  in  double-shift  work,  is  an  item  worth  con- 
sideration. This  pipe  line  was  also  extended  to  the  cook  and  bunk 
houses,  thus   supplying  water   for   cooking  and   washing  purposes. 

TEMPORARY    TRESTLE. 

The  temporary  trestle  built  was  designed  to  carry  a  loaded  train  of 
five-yard  dump  cars  before  being  filled,  and  the  engine  in  service  only 
after  the  tjestle  had  been  filled.  Each  bent  consisted  of  two  softwood 
piles,  bracing  and  cap.  Second-hand  material  was  used  throughout,  with 
the  exception  of  the  bracing.     Two  8x16  in.  'stringer?  were  used  per  span. 
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which  were  built  thirteen  feet.     The  stringers  were  recovered,  the  balance 
of  the  material  buried  in  the  embankment. 

From  the  results  obtained  from  a  number  of  trestles  of  this  kind 
that  the  writer  has  had  to  build,  the  following  conclusions  have  been 
reached : 

For  trestles  from  20  to  60  ft.  in  height,  the  cost  per  yard  of  embank- 
ment for  temporary  trestle  should  be  approximately  the  same  for  all 
heights  between  these  limits. 

Except  as  an  approach  to  higher  trestle,  it  is  not  economy  to  build 
trestles  under  sixteen  feet  in  height. 

On  all  trestle  work  over  thirty  feet  in  height  a  scab  should  be  placed 
on  cap  and  pile  to  prevent  cap  turning.  It  seems  to  be  the  better  prac- 
tice to  place  the  scab  on  the  side  toward  the  filling. 

On  all  trestles  over  thirty  feet  in  height  longitudinal  bracing  should 
be  placed  on  the  side  of  the  pile  toward  center  of  trestle. 

When  necessary  to  use  "Jack"  braces,  they  should  be  built  toward 
the  bank  that  is  being  filled,  so  as  to  put  the  members  in  tension  rather 
than    compression. 

Sway  braces  should  be  placed  on  the  side  of  the  bent  toward  which 
the  material  is  being  dumped. 

If  possible  to  avoid  it,  soft  ties  should  not  be  used  on  high  trestles. 

The  following  reports  show  the  cost  to  the  railway  company  of  this 
steam-shovel  work.  In  these  reports  the  cost  of  each  kind  of  work  in 
connection  with  the  steam  shovel  grading  is  given.  Where  equipment  of 
this  kind  is  used,  it  is  taken  as  a  fair  average. 

Comparing  these  two  reports  as  to  final  cost,  it  is  interesting  to  note 
that  the  cost  per  yard  in  place  on  either  job  is  precisely  the  same.  While 
the  equipment  and  organization  were,  in  a  way,  about  the  same  at  both 
places,  the  material  handled  and  the  general  layout  of  the  work  were  very 
different. 

FINAL    REPORT,    BIG    SHOAL    STEAM    SHOVEL    WORK. 

EQUIPMENT. 

1  6s-ton   Bucyrus  Steam   Shovel. 

2  Switch  Engines   (Class  "E"),  weight  on  drivers,  30  tons. 
43  Five-yard  dump  cars. 

I  Jordan  spreader. 

(All  yardage,  cross-section  measurements.) 

GENERAL. 

Date  shovel  commenced  work April  2"] 

Date  shovel  completed  work Nov.  2 

Date  shovel  commenced  night  shift June  20 

Date  shovel  completed  night  shift Oct.  26 

No.  of  days  steam  shovel  on  work 190 

No.  of  nights  steam  shovel  on  work 129 

Total    319 
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Total  days  worked  by  steam  shovel 140 

Total  nights  worked  by  steam  shovel 88 

Total  days  worked  by  steam  shovel  (lo-hour  shift  called  a  day)  . .  .228 

Shovel  laid  up  due  to  rain  and  Sundays  (shifts) 57 

Shovel  delayed  on  account  of  moving  shovel  and   shovel  failure 

(shifts)    23 

Waiting  for  grading  of  temporary  track    (shifts) 11 

Percentage  of  days  of  shovel  service  shovel  delayed 25  per  cent. 

Total  car  output,  day  shift 47,862 

Total  car  output,  night  shift 27,377 

Total 75,239 

Cubic  yards  handled,  day  shift 160,121 

Cubic  yards  handled,  night  shift 9i,S90 

Total    251,711 

Cubic  yards  per  car 3.35 

Cubic  yards  per  day  (lo-hour  shift  called  a  day) 1,104 

Percentage  of  night  shift  output  to  day  shift  output 84  per  cent. 

Length  of  haul,  average  distance lYz  miles 

Material,  where  dumped Temporary  trestle 

Kind  of  material Wet  clay 

Condition  of  pit Wet 

COST. 

EQUIPMENT,   ETC. 

1  Second-hand   steam   shovel,    value $5,000.00 

Depreciation,    10  per   cent.    $    500.00 

2  Second-hand  Class  "E"  switch  engines $4,400.00 

Depreciation,    5    per    cent.        220.00 

43  Second-hand    five-yard    dump    cars $5,052.50 

Depreciation,    10    per    cent.       505.25 

I  Jordan   spreader    $1,800.00 

Depreciation,     5    per    cent.         90.00 

Total    $1,315-25 

Bunk  Houses : 

Net  cost  of  material $757.18 

Net   cost   of   labor 387.68 

Total     $1,144.86 

Water  Supply : 

Net  cost  of  material $19143 

Net  cost  of  labor 81.17 

Total    $272.60 

Grand  Total  Cost  of  Equipment  Used $2,732.71 
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Total  cost  steam  shovel  service $6,228.54 

Cost  per  cubic  yard   .024 

Total  cost  engine   service    (2  engines) 6,417.33 

Total  cost  per  yard    .026 

Total  cost  car  repairing  and  blacksmithing 771-47 

Total  cost  per  yard .003 

Total   cost  of  lighting   for   night  work 184.62 

Total  cost  per  yard .001 

Total  cost  dumping  cars 4,265.51 

Total   cost  per   yard .017 

Total  Cost  All  Labor   Steam    Shovel    Service $17,867.47 

Total   Cost  Per   Yard .071 

cost  of  shovel,  engines  and  car  supplies. 

369  gals,  valve   oil   used,    at   50c   per   gal $    184.50 

500  gals,  black  oil  used,  at   i8c  per  gal 90.00 

51  gals,  signal    oil   used,   at    34c   per   gal 17-34 

4,946  gals,  kerosene    used,    at    loc    per   gal 494.60 

754  gals,  gasoline  used,  at  17c  per  gal 128.18 

1,040  tons  coal  used  by  shovel,  at  $1.48  per  ton 1,539.20 

1.339  tons  coal  used  by   engines,   at  $1.48  per  ton 1,981.70 

800  pounds  waste  used,  at  6c  per  lb 48.00 

Total    cost    of    supplies $4,483.52 

Total  cost  per  yard .018 

Grand   Total   Cost   Shovel    Work    (Labor) $17,867.47 

Grand  Total   Cost   Shovel   Work    (Supplies) 4,483.52 

Grand   Total    Cost $22,350.99 

Per  yard    .089 

temporary  trestle. 

Total  cost  of  trestle $9,007.80 

Length    of   trestle    (feet)  . . . ". 2,961 

Average   height 40 

Cost  per  linear  foot   (Labor) $        1.30 

Cost  per  linear  foot  (Material) 1.74 

Total    Cost  per   linear   foot 3.04 

Total    Cost    per    yard .036 

(Cost   includes  labor   for  removing   stringers.) 

track  work. 

Total   cost  of   all   labor $11,582.31 

Total    cost    per    yard .046 


COST  OF  STEAM    SHOVEL   WORK.  329 

TRACK    WORK — CONTINUED. 

Value  of  track   supplies 7,338.76 

Depreciation   and    actual    cost   of   work 856.11 

Total   Cost  of  track   work $12,438.42 

Total  Cost  per  yard  for  all  track  work .049 

summary' OF  COST. 

Total.  Per  Yard. 

Equipment,    etc $  2,732.71  $0,010 

Steam   shovel  service 22,350.99  .oSg 

Temporary   trestle    9,007.80  .036 

Track  and  track  work    12,438.42  .050 

Supervision  and  engineering    610.38  .002 

Total    $47,140.30  $0,187 

OUTLINE  OF  FORCE. 

day  shift. 

I  General  Foreman,  at  $118.50  per  month 

I  Steam  Shovel  Engineer,  at  125.00  per  month 

I   Steam   Shovel   Cranesman,   at    90.00  per  month 

I  Steam  Shovel  Fireman,   at    55-00  per  month 

6  Steam  Shovel  Pitmen,  at  19c  per  hour 

1  Conductor,  at 103.50  per  month 

2  Brakemen,  at   69.00  per  month 

2  Enginemen,  at  4.00  per  day 

2  Firemen,  at   2.40  per  day 

I  Track  Foreman,  at 75-0O  per  month 

I  Assistant  Foreman,  at  55-00  per  month 

10  Laborers  dumping  cars  i6c  per  hour 

38  Laborers  on  track,  at  i6c  per  hour 

I  Watchman,  at  4500  per  month 

I  Timekeeper,  at  45-00  per  month 

I  Pumper,  at   45-00  per  month 

NIGHT    SHIFT. 

I   Steam  Shovel  Engineer,  at   $125.00  per  montli 

I  Steam    Shovel    Cranesman,   at 90.00  per  month 

I  Steam  Shovel  Fireman,  at 55-0o  per  month 

6  Steam  Shovel  Pitmen,  at  20c  per  hour 

1  Conductor,  at   103.50  per  month 

2  Brakemen,  at 69.00  per  month 

2  Enginemen,  at   4.00  per  day 

2  Firemen,  at 2.40  per  day 

I  Assistant  Track  Foreman,   at    " 55.00  per  month 
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NIGHT    SHIFT — CONTINUED. 

8  Laborers,  at  1.75  per  day 

I  Watchman,  at   1.75  per  dav 

I  Lightman,  at 1.75  per  day 

I  Pumper,  at    4500  per  month 

COST  PER  DAY. 

Labor.  Supplies.              Total. 

General  Foreman    $    2.28  $    2.28 

Steam   shovel   service 22.09  $  S-50                   27.59 

Engine    service    22.08  9.00                   31.08 

Car  repairing  4.40  4.40 

Dumping  cars  19.00  19.00 

Track  foreman 2.88  2.88 

Assistant  track  foreman 2. 11  2.1 1 

Track  work 62.70  62.70 

Timekeeper     1.73  1.73 

Pumper  i  .73  .65                     2.38 

Watchman   1.60  1.60 

Total    $142.60  $15.15               $157.75 

COST  PER  NIGHT. 

Labor.  Supplies.                Total. 

Steam  shovel  supplies  $  22.69  $  5-50                $  28.19 

Engine  service  22.08  9.00                   31.08 

Assistant  foreman    2. 11  2.11 

Dumping  cars 14.00  14.00 

Lighting   1.75  2.34                     4.09 

Pumping 1 .73  .70                     2.43 

Watching  1.75  1-75 

Total    , $66.11  $17.54                $83.65 

Total   day  and  night $208.71  $32.69                $241.40 


PROGRESS. 


May 

,1  line 

July 

Angus' 

.Septemner. 
October  . .. 


To'als. 


Month. 


Day. 
Yards. 


30.766 
26.744 
33  874 
34.478 
19.200 
I7,i30 

1 6-?  ,492 


Kight. 
Yards. 


8.292 
25.324 

28,722 
14.900 
11,981 


89,219 


Total 
Yards. 


30,766 
3i,036 
59,198 
63,200 
34,100 
29,411 


2,51,711 


(All  yardage  cross-section  measurements.) 
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COMTMENT. 

A  comparative  statement  of  the  work  done  by  company  forces  with 
that  for  which  it  could  be  contracted,  is  as  follows : 
If  done  by  contractor  with  steam  shovel  outfit : 

251,711  cu.  yds.  earth,  at  26c $65,444.86 

Actual  cost  to  the  company. '. 47,140.30 

Saving    $18,304.56 

The  factor  of  time  would  also  have  had  to  be  considered  had  the 
work   been   done   this  way. 

It  is  the  opinion  of  the  writer  that  the  cost  of  this  work  could  have 
been  materially  reduced  had  twelve-yard  dump  cars  been  used  instead 
of  the  five-yard.  In  the  judgment  of  the  writer,  the  five-yard  car  is  too 
light  in  construction  for  the  service  required  in  handling  heavy  material, 
such  as  was  handled  on  this  work. 

On  account  of  complying  with  the  enginemen's  schedule,  there  was 
expended  on  this  work  $431.20,  for  which  we  received  no  service.  This 
is  about  10  per  cent,  of  the  cost  of  the  supplies. 

The  cost  of  this  work  to  the  company  could  have  been  reduced  some- 
what if  we  had  not  been  handicapped  in  being  governed  by  schedules, 
and  also  if  we  had  had  the  same  freedom  in  the  handling  of  labor,  sup- 
plies and  commissary  as  does  the  general  contractor. 

LITTLE   SHOAL  CUT-OFF. 

The  Little  Shoal  Cut-off  was  a  change  of  alinement  and  grades 
between  Ayers  and  Durley,  III.  On  this  work  there  were  handled 
188,240   cubic   yards    of   material. 

A  temporary  trestle  was  built,  having  a  total  length  of  2,142  ft., 
and  an  average  height  of  35  ft. 

Material  for  the  embankment  was  hauled  an  average  distance  of 
one-half  mile. 

The  material  handled  was  about  40  per  cent,  hardpan,  it  being 
about  as  hard  a  material  as  the  shovel  could  dig  without  resorting  to 
blasting. 

On  this  work  both  shovel  and  engines  were  handled  over  6  per 
cent,    grades    and    i6-degree    curves    very    easily. 

The   cost   of   this   work  to  the   company   is    given   herewith. 

FINAL   REPORT,    LITTLE    SHOAL    STEAM    SHOVEL    WORK. 

EQUIPMENT. 

1  65-ton  Bucyrus  Steam  Shovel. 

2  Switch  Engines  (Class  "E"),  weight  on  drivers,  30  tons. 
36  Five-yard  dump  cars. 

I  Jordan  spreader. 
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GENERAL. 


Date  shovel  commenced  work May  21 

Date  shovel  completed  work Sept.  30 

Date  shovel  commenced  night  shift May  22 

Date  shovel  completed  night  shift Sept.  30 

No.  of  days  steam  shovel  on  work 133 

No.  of  nights  steam  shovel  on  work 132 

Total    265 

Total  days  worked  by  steam  shovel 96 

Total  nights   worked   by   steam   shovel 103 

Total  days  worked  by  steam  shovel   (lo-liour  shift  called  a  day)...  199 

Shovel  laid  up  due  to  rains  and   Sundays    (days) 52 

Shovel   delayed   on   account   of   moving   shovel   and   shovel   failure 

(days)    14 

Percentage  of  the  199  days  of  shovel  service  shovel  delayed.  16  per  cent. 

Total  car  output,  day  shift 29,774 

Total    car   output,    night    shift 23,116 


Total    . 52,890 

Cubic  yards    handled,   day   shift 105,818 

Cubic  yards  handled,  night   shift 82,422 


Total    188,240 

Cubic    yards    per    car 3.56 

Cubic  yards  per  day  (lo-hour  shift  called  a  day) 946 

Percentage  of  night-shift  output  to  day-shift  output 78  per  cent. 

Length  of  haul,  average  distance ,1/   mile 

Material,   where   dumped Temporary   trestle 

Kind  of  material   39  per  cent,  hard-pan   and  clay 

Condition  of  pit Wet 

COST. 

EQUIPMENT,    ETC. 

1  Second-hand  steam  shovel,  value $5,000.00 

Depreciation,  10  per  cent.     $     500.00 

2  Second-hand    Class    "E"   switch   engines $4,400.00 

Depreciation,    5    per   cent.  220.00 

36  Second-hand   five-yard   dump   cars $4,230.00 

Depreciation,   10  per  cent.  423.00 

I  Jordan    spreader    $1,800.00 

Depreciation,    5   per   cent.  90.00 

Total     $1,233.00 
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Bunk  Houses : 

Net  cost  of  material $757.18 

Net  cost  of  labor 309.58 

Total    $1,066.76 

Water  Service :  ' 

Net  cost  of  material $311.20 

Net  cost  of  labor 299.97 

Total    611. 17 

Grand   Tot.\l    Cost  of   Equipment $2,910.93 

Total  cost  steam  shovel  service $  5,359.66 

Total  cost  per  j^ard .028 

Total  cost  engine  service   (2  engines) 5.303.25 

Total  cost  per  yard .028 

Total  cost  car   repairing  and   blacksmithing 513-89 

Total  cost  per  yard .003 

Total  cost  of  lighting  for  night  work 203.34 

Total  cost  per  yard .001 

Total  cost  dumping  cars ; 3,148.73 

Total  cost  per  yard .017 

Total  cost  all  labor  steam  shovel  service 14,528.87 

Total  cost  per   yard .077 

COST    OF    SHOVEL,    ENGINE    AND    CAR    SUPPLIES. 

168  gals.  Valve   oil   used,   at   50c   per  gal $      84.00 

Coo  gals.  Black  oil,  at  i8c  per  gal 108.00 

78  gals.  Signal  oil,  at  34c  per  gal 26.52 

3,660  gals.  Kerosene,   at   loc  per  gal 366.00 

858  gals.  Gasoline,  at  17c  per  gal 145.86 

800  lbs.  waste,  at  6c  per  lb 48.00 

1,086  tons  coal  for  steam  shovel,  at  $1.50  per  ton 1,629.00 

800  tons  coal  for  engines,  at  $1.50  per  ton 1,200.00 

$3,607.38 
Per  cubic  yard .019 

Grand   Total    Cost   of    Shovel    Work    (Labor) $14,528.87 

Grand  Total  Cost  of  Shovel  Work    (Supplies) 3,607.38 

Total     $18,136.25 

Total  Cost  per  yard 096 
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TEMPORARY   TRESTLE. 


Total  cost  of  trestle  $S,853-o8 

Average  length  of  trestle  (feet) 2,142 

Average  height  of  trestle  (feet) 35 

Cost  per  linear  foot    (Labor) 1.22 

Cost   per    linear   foot    (Material) 1.51 

Total  Cost  per  linear  foot 2.73 

Total    Cost   per   yard $.031 

TRACK  work. 

Total  cost  of  all  labor $6,673.36 

Total  cost  per  yard .035 

Value  of  track  supplies 6,479.58 

Depreciation  and  actual  cost  to  work 1. 143-95 

Total  cost  of  track  work 7.8i7-3i 

Total  cost  per  yard  for  all  track  work .042 

SUMMARY  OF  COST. 

Total.  Per  Yard. 

Equipment     $  2,910.93  $0,015 

Steam   shovel   service 18,136.25  .096 

Temporary    trestle     5,8S3-o8  .031 

Track    and    track    work 7,8i7-3i  -042 

Supervision    and    engineering 487-34  -003 

Total      $35,204.91  $0,187 

OUTLINE  OF  FORCE. 

DAY   SHIFT. 

I  General  Foreman,  at  $118.50  per  month 

I  Steam  Shovel  Engineer,  at  125.00  per  month 

I  Steam    Shovel    Cranesman,    at 90.00  per  month 

I  Steam  Shovel  Fireman,  at 55-00  per  month 

6  Steam  Shovel  Pitmen,  at  19c  per  hour 

1  Conductor,  at 103.50  per  month 

2  Brakemen,  at    ^ 69.00  per  month 

2  Enginemen,  at  4.00  per  day 

2  Firemen,  at 2.40  per  day 

I  Pumper,  at   4S-0O  per  montk 

I  Track  Foreman,  at  75.00  per  month 

I  Assistant  Foreman,  at  5S0O  per  month 

10  Laborers  dumping  cars i6c  per  hour 

38  Laborers  on  track  i6c  per  hour 

I  Watchman,  at 45-00  per  month 

I  Timekeeper,   at    4S-00  per  month 
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NIGHT    SHIFT. 

I  Steam  Shovel  Engineer,  at  $125.00  per  montli 

I   Steam    Shovel   Cranesman,    at 90.00  per  month 

I   Steam     Shovel     Fireman,    at 5500  per  month 

6  Steam  Shovel  Pitmen,  at 20c  per  hour 

1  Conductor,  at   103.50  per  month 

2  Brakemen,  at   ' 69  00  per  month 

2  Enginemen,    at    4.00  per  day 

2  Firemen,  at    2.40  per  day 

I  Assistant  Track   Foreman,  at 55-00  per  month 

8  Laborers,   at    1.75  per  night 

I   Watchman,  at  1.75  per  night 

I   Lightman,  at  '        1.75  per  night 

I   Pumper,     at 45-00  per  month 

COST    PER    DAY. 

Labor. 

General  Foreman $    2.28 

Steam  shovel  service 22.09 

Engine  service   22.08 

Car  repairing   4.40 

Dumping  cars  19.00 

Track  Foreman   2.88 

Assistant  Track  Foreman 2. 11 

Track  work 62.70 

Timekeeper    1.73 

Watching   1.60 

Pumper     i  .73 


Total    $142.60 

COST   PER   NIGHT. 

Steam  shovel  service $22.69 

Engine  service   22.08 

Assistant  Foreman   2.11 

Dumping  cars  .--••'  14-OO 

Lighting    1.75 

Pumping    1.73 

Watching   1.75 

Total    $66.11 

Total    night   and    day $208.71 

PROGRESS. 


Supplies. 

Total. 

$    2.28 

$5-50 

27-50 

9.00 

31-08 

4.40 

19.00 

2.88 

2.11 

62.70 

173 

1.60 

.65 

2.38 

$15-15 


$157.75 


$  5-50 

$28.19 

9.00 

31.08 

2.11 

14.00 

2.34 

4.09 

.70 

2.43 

1.75 

$17-54 

$83.65 

$32.69 

$241.40 

May 

June 

July 

August 

September. 
Totals . 


Month. 


Day. 

Night. 

Total 

Yards. 

Yards. 

Yards. 

9.724 

5,251 

14,975 

32.268 

25,364 

57,6  <2 

25,778 

19,883 

4\661 

24,018 

20,602 

44,620 

14,077 

11.875 

25,852 

82,375 


188,240 


(All   yardage   cross-section   measurements.) 
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Total  yardage  handled,  188,240,  of  which  39  per  cent.,  or  72,900  cubic 
yards  would  classify  as  loose  rock,  it  being  as  hard  a  digging  material 
as  the  shovel  could  stand  without  resort  to  blasting. 

If  done  by  contractor  with  steam  shovel  outfit : 

188,240  cu.  yds.  at  26c $48,942.40 

Actual  cost  to  company 35,204.91 

Saving    $1373749 

It  is  a  certainty,  had  this  work  been  let  to  a  contractor,  it  would  have 
been  necessary  to  make  some  allowance  on  account  of  hard  material, 
which  would  make  the  saving  considerably  more.  Also,  there  is  the  fac- 
tor of  free  transportation  and  freight,  which  would  also  be  given  them. 

This  cost  includes  all  items  of  freight,  supplies,  labor  and  any  others 
that  are  possible  to  include  that  should  be  charged  to  this  work.  It  has 
been  the  intention  in  estimating  same  to  get  as  close  an  estimate  of  actual 
cost  to  the  company  as  possible. 

SUMMARY. 

The  limits  to  which  a  shovel  will  work  is  a  most  important  considera- 
tion in  planning  and  estimating  work  of  this  kind.  It  is  not  economy 
to  work  the  shovel  to  its  extreme  limits  in  lift  and  reach.  The  shovel 
used  on  this  work,  at  times,  loaded  the  five-yard  cars  on  a  loading 
track  which  was  9  ft.  2  in.  higher  than  the  shovel  track,  with  the  track 
tenters  22  ft.  Loading  at  such  height  is  very  slow  work  and  is  liable 
to  wreck  the  cars  badly  on  account  of  the  lack  of  clearance  for  the  return 
of  the  dipper  after  emptying. 

When  there  is  more  than  one  cut  to  be  made  and  where  time  is  the 
all-important  factor,  7  ft.  difference  in  elevation  between  the  shovel  and 
loading  tracks  allows  rapid  work  and  gives  better  results. 

In  laying  out  steam-shovel  work  considerable  can  be  saved  at  times 
by  taking  advantage  of  the  natural  conditions  of  the  work  as  they  exist. 
The  track  arrangement  and  the  future  track  arrangements  as  the  work 
progresses  is  a  thing  that  is  oftentimes  neglected  and  causes  serious 
delays  to  the  shovel.  On  very  few  jobs  has  the  writer  seen  the  shovels 
work  to  their  capacity  on  account  of  poor  track  arrangement  and  the 
consequent  inability  to  keep  the  cars  to  the  shovel.  One  must  have  good 
running  track  over  the  entire  work.  With  good  track  and  proper  arrange- 
ment,  ideal   conditions   for   a   maximum   shovel   output  are   obtained. 
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DISCUSSION. 

The  President: — In  the  absence  of  the  chairman  of  the  Committee, 
Mr.  SHfer,  the  report  will  be  presented  by  Mr.  G.  H.  Bremner.  We 
will  first  discuss  the  specifications  for  a  modern  steam  shovel  for 
roadway  construction.  As  the  different  recommendations  of  the  Com- 
mittee are  read  they  may  be  discussed  by  the  members,  and  unless  the 
recommendations  are  objected  to  they  will  be  considered  approved  by 
the  convention  without  taking  a  formal  vote  on  each  particular  clause. 

Mr.  G.  H.  Bremner  (Chicago,  Burlington  &  Quincy)  : — It  might 
be  well  to  read  a  few  paragraphs  from  the  report  to  give  a  better  under- 
standing of  the  matter  that  is  to  be  discussed.  The  Roadway  Committee 
has  had  under  consideration  for  the  past  two  or  three  years  the  subject 
of  general  specifications  for  steam  shovels,  and  reported  on  it  in  a  gen- 
eral way  in  1902.  Last  year  a  sub-committee  prepared  a  circular  letter 
calling  for  certain  information,  but  many  of  the  replies  received  were 
not  definite  or  conclusive.  The  Committee's  previous  consideration  of 
the  subject  was  given  to  a  standard  shovel  for  "improvement  work," 
whereas  the  present  report  deals  with  the  comprehensive  title  of  "general 
roadway  construction."  This  at  once  brings  up  the  question  of  new 
lines  as  well  as  the  improvement  of  old  properties,  and  the  Committee 
feels  that  it  is  more  than  probable  that  one  class  of  shovel  would  not 
be  suitable  for  all  purposes.  To  quote  from  the  report  of  the  Com- 
mittee : 

"(i)  In  opening  up  new  lines,  it  is  often  advisable  to  have  a  small 
light  traction  shovel  to  precede  the  regular  work  and  cast  out  to  the 
sides  material  from  cuts,  so  that  the  loading  track  grades  may  be 
reduced  and  economically  operated.  (2)  A  standard  shovel,  such  as  the 
Committee  will  recommend,  would  be  required,  and  would  be  available 
either  on  new  lines  or  for  improvement  work.  (3)  It  frequently  occurs 
that  a  standard  shovel  is  too  heavy  for  certain  soft  cuts  where  it  might 
be  advisable  to  finish  with  a  much  lighter  class  of  machine.  (4)  Many 
railroads  are  fortunate  in  possessing  large  ballast  pits,  in  which  it 
would  be  advisable  to  use  a  shovel  much  larger  than  the  standard." 

In  any  event,  and  irrespective  of  the  use  to  which  the  shovel  is 
assigned,  there  are  three  important  cardinal  points  that  should  be  given 
careful  attention  in  the  selection  of  any  and  all  machines  of  this  class. 
These  are  in  their  order:  (i)  Care  in  the  selection  and  inspection  and 
acceptance  of  all  material  that  enters  into  every  part  of  the  machine. 
(2)    Design  for  strength.      (3)   Design  for  production. 

With  these  introductory  remarks  fixed  in  our  minds,  we  may  proceed 
with  the  discussion  of  the  specifications  for  a  modern  steam  shovel.     The 
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questions  will  be  read  first,  and  the  Committee's  recommendation  cover- 
ing each  particular  point  will  be  given  in  connection  with  the  require- 
ment. 

"(i)  What  is  the  character  of  the  shovel  j-ou  consider  best  for 
general   railwaj'   work  in  the  following' respects : 

'■(a)     Weight — Committee    recommends    seventy    (70)    tons. 

"(b)  Capacity  of  Dipper — Committee  recommends  two  and  one-half 
(2J/2)   yards. 

"(c)  Steam  pressure — Committee  recommends  one  hundred  and 
twenty    (120)    lbs. 

"(d)  Clear  height  above  rail  of  shovel  track  at  which  dipper 
unloads — Committee  recommends  sixteen   (16)   ft. 

"(e)  Depth  below  rail  of  shovel  track  dipper  will  dig— Committee 
recommends  four   (4)    ft. 

"(f)  Number  of  movements  of  dipper  per  minute  from  time  of 
entering  bank  to  entering  bank — Committee    recommends   three    (3). 

"(g)     Cable  or  chain  hoist — Committee  recommends   cable   hoist." 

Mr.  D.  W.  Lunx  (Southern  Railway)  : — How  long  has  the  cable 
hoist  been  successfully  used?  I  would  hesitate  in  recommending  it  as 
against  the  other. 

Mr.  Bremner : — They  have  not  been  successfully  used  for  any  great 
length  of  time.  There  are  only  one  or  two  makes  of  shovels  using  th^; 
cable  hoist.  In  this  connection  I  will  read  a  message  we  received  this 
morning  from  Mr.  Slifer,  our  chairman,  which  bears  on  this  point : 

"The  A.  B.  C.  Equipment  Company  furnish  us  the  following  informa- 
tion as  supplied  by  the  Atlas  Portland  Cement  Company,  of  Northamp- 
ton, Penn.,  who  are  operating  six  A.  B.  C.  shovels.  'Record  of  our  best 
cables  on  A.  B.  C.  shovel  is  393  shifts  of  ten  hours  each,  during  wliich 
time  no  repairs  were  made.  Record  of  our  best  chain  is  311  shifts, 
during  which  time  chain  broke  eight  times,  putting  shovel  out  of  com- 
mission at  each  break.  Chain  cost  about  three  times  as  much  as  rope. 
We  therefore  consider  rope  very  much  superior  to  chain,  as  the  cost 
of  each  break  in  the  chain  is  probably  equal  to  the  entire  cost  of  a 
new  rope.  In  addition  to  this  the  delay  to  the  operation  caused  by 
breaks  in  chain  is  very  serious." 

Of  course  that  applies  to  this  particular  slio\cl,  which  uses  a  cable 
hoist  entirely.  We  called  before  the  Committee  the  makers  of  several 
steam  shovels,  and  I  do  not  think  that  even  the  makers  of  steam 
shovels  which  use  a  chain  will  seriously  disagree  with  our  recom- 
mendation. 

Mr.  W.  B.  Storey,  Jr.  (Santa  Fe)  : — I  have  seen  quite  a  number 
of  these  cable  shovels  in  use  and  have  talked  with  a  number  of  con- 
tractors who  own  them.  1  have  found  some  who  say  the  cable  suits 
them  for  all  conditions.  Quite  a  number  of  contractors,  however,  say 
they  are  adapted  only  to  certain  classes  of  material,  and  they  use  them 
in  those  materials  only,  and  will  not  use  them  where  there  is  heavy 
rock.     Under  the  circumstances,  therefore,  I   would  say  the  Committee's 
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recommendation  is  not  a  proper  one,  for  the  reason  they  were  asked 
to  recommend  a  shovel  for  general  railroad  work,  which  will  take  in 
not  only  soft  material  and  sand,  but  rock  or  anything  we  are  liable  to 
encounter.  One  or  two  contractors  I  met  said  they  could  use  the 
shovels  in  rock,  the  reason  being  that  the  shovels  were  not  so  high 
powered  as  the  others,  hence  they  would  not  tear  through  the  rock 
and  break  the  machinery  to  pieces.  They  all  seemed  to  think  they  were 
eminently  fitted  for  soft  digging,  but  for  general  work  at  all  times 
there  seems  to  be  a  leaning  toward  the  chain. 

;Mr.  O.  E.  Selby  (Cleveland.  Cincinnati,  Chicago  &  St.  Louis)  : — 
What  size  cable  would  be  used  on  the  2j^-ton  dipper  recommended  by 
the  Committee,  or  say  in  place  of  a  i^-in.  chain;  that  is,  the  size  of 
the  cable  and  the  size  of  the  sheave? 

Mr.   Bremner : — I   do  not  think  w'e   are  prepared  to  answer  that. 

'Sir.  J.  E.  Greiner  (Baltimore  &  Ohio)  : — Has  the  Committee  any 
definite  data  as  to  the  relative  cost  of  the  cable  and  the  chain  except 
the  one  item  mentioned  a  few  minutes  ago? 

Mr.  Bremner : — The  Committee  has  nothing  definite.  A  good  many 
examples  were  given  us  in  a  general  way  at  the  time  we  investigated 
the    subject. 

Mr.  Greiner ; — You  say  the  Committee  recommends  the  cable  on 
account  of  the  economical  cost  of  renewal?  It  seems  to  me  the  Com- 
mittee must  have  some  data  on  which  they  based  that  recommendation. 
In  other  words,  how  did  they  know  it  was  economical  unless  they  had 
that  data? 

Mr.  Bremner: — Our  information  is  based  on  judgment  which  we 
cannot  give  you  in  dollars  and  cents.  We  do  not  know  just  what  it 
costs.  We  did  not  go  into  it  deeply  enough  to  find  out  just  what  it 
costs  to  keep  up  repairs  on  a  chain  shovel  or  on  a  cable  shovel,  but 
we  had  before  us  the  makers  of  both  the  cable  and  the  chain  shovel 
and  some  contractors,  and  also  drew  on  our  own  experience  with  the 
two  kinds  of  shovels,  and  we  came  to  the  conclusion  that  there  really 
was  no  chance  for  doubt  but  that  the  cost  of  repairs  and  the  cost  of 
renewals  on  the  cable  shovel  for  the  ordinary  work  which  it  would 
undergo  were  very  much  less  than  with  the  chain  shovel. 

The  President: — If  there  are  no  further  remarks  we  will  proceed. 

Mr.  Bremner: — "(h)  Friction  or  cable  swing — Committee  recom- 
mends  cable   swing. 

"(i)  How  extensive  housing  should  be  provided  for  engineer,  fire- 
man and  cranesman — Committee  recommends  permanent  housing  for  all 
employes. 

"(J)  Capacity  of  tank — Committee  recommends  two  thousand 
(2,000)    gallons. 

"(k)  Capacity  of  coal  bunker — Committee  recommends  four  (4) 
tons. 

"(1)  Give  list  of  repair  parts  necessary  to  carry — Committee  rec- 
ommends  the    follow'ing :    i    hoisting   engine   cable    or   chain,    i    thrusting 
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engine  cable  or  chain,  i  swinging  engine  cable  or  chain,  i  set  dipper 
teeth,  I  dipper  latch,  12  cold  shuts,  6  cable  clamps,  i  U  bolt,  duplicate 
of  each  sheave  on  machine,  lot  assorted  bolts  and  nuts,  lot  assorted 
pipes  and  fittings,   lot  assorted  water  glasses. 

"(m)  Give  list  of  repair  tools  necessary  to  carry:  i  blacksmith 
forge  with  anvil  and  complete  tools,  i  small  bench  vise,  3  pipe 
wrenches,  assorted  sizes,  3  monkey  wrenches,  assorted  sizes,  6  Chilson 
wrenches,  assorted  sizes,  i  ratchet  with  assorted  twist  drills,  6  round 
files,  assorted  sizes,  i  hack-saw,  with  12  blades,  i  set  pipe  taps  and 
dies,  I  set  bolt  taps  and  dies,  6  cold  chisels,  assorted  sizes,  2  ma- 
chinists' hammers,  2  sledges,  2  switch  chains,  2  re-railing  frogs,  2 
ball-bearing  jacks,  i  siphon,  complete,  i  axe,  i  hand  saw,  i  set  triple 
blocks,  with  rope,  2  lining  bars,  i  pinch  bar,  6  shovels,  6  picks,  i  coal 
scoop,  I  flue  cleaner,  i  fire  hoe,  i  clinker  hook,  i  slash  bar,  2  hand 
lanterns,   2  torches,   assortment   of  packing,   assorted   oil,    in   cans. 

"(n)  What  spread  of  jack  arms — Committee  recommends  eighteen 
(18)   ft." 

Mr.  Lum : — May  I  ask  if  the  Committee  has  looked  into  that,  and 
determined  that  the  shovel  is  just  as  effective  in  18  ft.? 

Mr.  Bremner: — Do  you  mean  18  ft.  spread  between  the  jack  arms? 
It  would  make  a  cutting  probably  22  or  24  ft.  wide  for  ordinary  work; 
that  is,  we  would  usually  work  about  that  close  and  as  much  wider 
as  might  be  necessary  to  the  extreme  reach  of  the  shovel.  The  Com- 
mittee intends  to  recommend  this  for  the  standard,  because  if  we  used 
wider  jack  arms  they  would  be  in  the  way  in  many  places  where  narrow 
cutting  is  necessary  for  grade  reduction  work.  For  work  of  that  kind 
they  give  sufficient  stiffness  to  the  shovel  to  take  care  of  all  that  can  be 
handled  in  the  2j^-yard  dipper,  and  we  recommend  carrying  a  short 
jack  arm  with  the  shovel  for  especially  narrow  work. 

"(o)     How  many  pitmen — Committee  recommends  four  (4)  men. 

"(p)  Would  it  be  advisable  to  have  shovel  made  to  swing  back 
of  the  jack  arms  so  that  cars  can  be  loaded  in  tunnel  or  rock  work 
where  entrance  is  narrow  and  cars  cannot  be  pulled  beyond  shovel — 
Committee  recommends  suggestion. 

"(2)  What  form  of  shovel  track  would  you  prefer?  *T'  rails  on 
ties  are  mentioned  by  twelve  members,  chain  rails  are  mentioned  by  five 
members,  rails  on  stringers  are  mentioned  by  two  members — Committee 
recommends  'T'  Rails  on  Ties. 

"(a)  Length  of  pieces  for  ordinary  work — Committee  recommends 
six   (6)   ft. 

"(b)     What  form  of  joint — Committee  recommends   Strap. 

"(3)  What  gage  of  track  "would  you  prefer  for  dump  cars — Com- 
mittee recommends  Standard. 

"(4)  What  style  and  capacity  of  cars,  namely,  dump  cars,  flat  cars, 
cars  with  sides  for  plows  and  unloaders  or  other  special  forms  would 
you  prefer  for  the  following  kinds  of  work ; 
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"(a)  Cut  under  six  feet,  haul  less  than  one  mile — Committee  recom- 
mends six  (6)  yard  Dump  Car. 

"(b)  Cut  under  six  feet,  haul  one  to  six  miles — Committee  rccom.- 
mends  Standard  car  with  permanent  sides  with  swinging  hinged  doors 
and  cars  connected  by  aprons. 

"(c)  Cut  under  six  feet,  haul  six  miles  or  over — Committee  recom- 
mends same  car  as  shown  in  connection  with   (b). 

"(d)  Cut  over  six  feet,  haul  not  less  than  one  mile — Committee 
recommends  six   (6)   yard   Dump  Car." 

Mr.  A.  Montzheimer  (Elgin,  Jolict  &  Eastern)  : — The  paragraph  just 
read  seems  to  be  in  error — "Cut  over  six  feet,  haul  not  less  than  one 
mile — Committee  recommends  six-yard  dump  car." 

Mr.  Bremner : — Yes ;  that  is  an  error.  It  should  read,  "haul  less 
than  one  mile." 

"(e)  Cut  over  six  feet,  haul  one  to  six  miles — Committee  recom- 
mends car  described  under  (b). 

"(f)  Cut  over  six  feet,  haul  over  six  miles — Committee  recommends 
car  described  under    (b). 

"The  Committee  recognizes  the  fact  that  the  standard  commercial 
Flat  Car  must  frequently  be  used,  and  when  this  is  necessary,  especial 
care  should  be  taken  to  cover  certain  important  matters:  (i)  See  that 
car  is  strong  enough  for  the  purpose.  (2)  Note  that  brake-wheels  are 
in  good  condition,  and  in  case  material  is  to  be  plowed  off,  these  must 
be  placed  at  side  of  car.  (3)  Care  should  be  taken  that  stake  Dockets 
are  in  good  condition  and  not  spaced  too  far  apart ;  four  feet  apart 
in  center  of  car  and  closer  at  ends  is  considered  good  practice.  (4)  See 
that  the  stakes  are  strong  enough  to  prevent  accident  or  derailment  of 
plow. 

"(g)  Where  dirt  is  dumped  from  trestle  in  fill  for  haul  less  than 
two  miles,  would  you  use  light  cars  and  light  trestle  or  heavy  cars  and 
strong  trestle — Committee   recommends  light  cars  and   light   trestles. 

"(5)  Has  your  experience  with  unloading  plows,  using  cable,  been 
satisfactory — (a)  Would  you  handle  cable  by  locomotive  or  an  auxiliary 
engine  and  drum,  and  if  the  latter,  give  kind  and  size — Committee  recom- 
mends handling  Cable  with  an  Auxiliary  Engine  and  Drum.  The  machine 
should  be  able  to  develop  60  ton  (pull)  and  will  weigh  about  28  tons. 
Steam  cylinders,  12x12.  Diameter  of  drum,  4^  feet,  which  will  permit 
four  wraps  of  1^2  cable  to  be  made. 

"(b)  When  raising  track,  do  yon  prefer  center  plow  for  unloading 
or  two  side  plows  used  alternately — Committee  recommends  that  when 
raise  is  light,  the  Center  Plow  be  used,  but  that  Side  Plows  are  more 
advantageous  in  making  heavy  fills. 

Mr.  Montzheimer :— The  Committee  recommends  that  when  raise 
is  light  the  center  plow  be  used,  but  that  side  plows  are  more  advan- 
tageous in  making  heavy  fills.  I  want  to  learn  why  the  side  plow  is 
advantageous  on  a  heavy  fill  where  the  track  is  simply  raised  vertically. 

Mr.   Bremner : — The  Committee  considered  that  with  two   side  plows 
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on  a  heavy  fill  j'ou  could  get  a  much  better  body  of  dirt  to  work  in, 
when  the  car  is  all  unloaded  on  one  side  and  an  additional  train  or  car 
on  the  other  side,  rather  than  to  unload  one  car  on  both  sides  for  the 
same  amount  for  each  raise  of  the  track.  Of  course,  the  greater  the 
raise  of  the  track  the  less  the  expense  of  doing  the  work.  The  side 
plow  will  unload  more  in  place  without  stalling  the  cars  and  throw  the 
dirt   farther   from  the  track  than   the   center   plow. 

''(.c)  Has  your  experience  with  reversible  plow  been  satisfactory — 
Committee  does  not  favor  its   use. 

■'(d)  What  style  plow  do  you  prefer — The  Committee  desires  to 
avoid  the  mentioning  of  the  names  of  any  and  all  special  manufacturer's 
articles,  and,  as  many  railroads  build  their  own  plows  we  can  see  no 
reason  for  recommending  anything  more  than  a  strong  plow  with  trailer. 
It  should  be  not  less  than  four  and  one-half  (4'.^)  ft.  high  and  thirty-six 
(36)    ft.   in   length   over   all. 

"(e)  What  weight  of  plow  do  you  prefer — Committee  recommends 
seven    (7)    tons. 

"(6)  What  size  and  length  of  cable  do  you  prefer — Committee 
recommends  one  and  one-half  (i/4)  in.  diameter  and  twelve  hundred 
(1,200)    ft.  long. 

"(7)  What  form  of  spreader  or  leveler  do  you  prefer — Com- 
mittee recommends  Two-Arm  Spreader. 

"(a)  Is  it  handled  by  steam  pressure,  air  pressure  or  windlass — 
Committee  recommends  Air  Pressure. 

"(b)  What  spread  of  wings  do  you  prefer — Committee  recommends 
twenty   (20)   ft. 

"(c)  What  limiting  angle  of  wings  do  you  prefer — Committee 
recommends  forty-five    (45)    degrees. 

"(d)  To  what  height  above  rail  should  spreader  deposit  material — 
Committee   recommends   two    (2)    ft. 

"(e) — To  what  'depth  below  the  rail  should  it  work — Committee 
recommends  two    (2)    ft. 

"(8)  In  making  embankments  with  trains  on  a  new  location,  within 
what  vertical  limits  and  under  what  conditions  would  you  use  each  of 
the  following  methods :  (a)  Raising  track  with  material  dumped — Com- 
mittee recommends  four    (4)    ft. 

"(b)  A  central  core  put  up  by  teams  and  widened  with  shovel 
material — Committee  does  not  recommend  this  method  unless  material 
can  be  cheaply  borrowed  from  the  side.     Would  not  exceed  four    (4)    ft. 

"(c)  A  temporary  filling  trestle — This  question  naturally  depends 
on  the  availability  and  expense  of  securing  the  timber.  Under  ordinary 
circumstances  the  Committee  recommends  temporary  trestle  for  fills 
over  four  feet  in  height. 

"(d)  Describe  any  other  method  used — The  Committee  would 
call  attention  to  the  ordinary  graders,  cableways,  power  scrapers,  travel- 
ing cranes,  suspended  bridges  and  other  types   of  mechanical   appliances 
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that  might  be  used  according  to  the  conditions  and  the  amount  of  mate- 
rial to  be  handled. 

"(9)  In  making  embankments  with  trains  in  present  location  t)f 
track  under  traffic,  under  what  conditions  would  you  use  each  of  the 
following  methods — Committee  recommends  that  where  sand,  gravel  or 
cinders  can  be  used,  under  ordinary  oircumstances  it  might  be  economical 
to  use  this  method  where  track  is  not  to  be  raised  to  exceed  four  (4)  ft. 
The  lifting  should  be  done  gradually  with  no  one  lift  to  exceed  six  inches. 

"Cb)  Build  temporary  track  to  one  side  to  carry  traffic  and  jack 
main  track  up  vertically  in  place — Committee  has  in  mind  the  length  of 
track  affected  and  the  cost  of  the  temporary  track,  but  where  traffic  is 
heavy,  would  recommend  this  method  where  track  is  to  be  raised  to 
exceed  four    (4)    ft. 

"(c)  Throw  main  track  to  one  side  and  build  trestle — This  question 
would  be  affected  by  the  ease  and  economy  of  securing  timber,  but 
Committee  believes  the  method  would  be  economical  where  track  is 
to  be  raised  to  exceed  six  (6)   ft. 

"(d)     Other  methods. 

"(10)  Under  the  following  conditions,  what  allowance  should  be 
made — Would  you  allow  for  shrinkage  in  vertical  height  or  in  width,  or 
both — Committee    recommends    both    for   green   banks. 

"(a)  Black  dirt,  trestle  filling — Committee  recommends  fifteen  per 
cent.    (15%). 

"(b)  Black  dirt,  raising  under  traffic — Committee  recommends  five 
per  cent.    (5%). 

"(c)  Clay,  trestle  filling — Committee  recommends  ten  per  cent. 
(10%). 

"(d)  Clay,  raising  under  traffic — Committee  recommends  five  per 
cent.     (5%). 

"(e)  Sand,  trestle  filling — Committee  recommends  six  per  cent. 
(6%). 

"(f)  Sand,  raising  under  traffic — Committee  recommends  five  per 
cent.      (5%)." 

The  President: — We  will  now  take  up  conclusion  No.   i. 

Mr.  Bremner : — "Your  Committee  suggests  the  adoption  of  its  recom- 
mendations of  general  specifications  for  a  modern  steam  shovel  for 
roadway   construction." 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — I  move  the  adoption 
of  conclusion  No.  i. 

(The  motion  was  carried.) 

Mr.  Bremner: — Conclusion  2  refers  to  the  three  blank  forms  for 
reporting  results   of  steam   shovel   work. 

Mr.  Ewing : — I  move  the  adoption  of  the  conclusion  and  the  three 
blanks. 

(The  motion  was  carried.) 

Mr.  Bremner: — Conclusion  No.  3  reads:  "If  necessary  to  do  so, 
we  recommend  that  the  alternate  specification  to  cover  overhaul  clause 
be  printed  in  the  Manual  of  Recommended  Practice." 
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I  do  not  know  just  how  that  is  to  be  handled,  but  the  clause 
referred  to  ought  to  go  into  the  Manual. 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — I  do  not  think  the  con- 
clusion should  go  into  the  Manual. 

Mr.  Bremner : — Conclusion  No.  4 :  "That  no  change  be  made  in 
the  widths  of  Roadway  as  adopted  bj'  the  Association." 

The  President : — That  conclusion  hardly  seems  to  require  any  action. 

Mr.  Berg : — This  report  contains  very  valuable  information,  well 
considered,  but  still  it  is  not  in  precise  shape  for  the  Manual,  and  I 
presume  it  cannot  be  published  this  year  unless  revised.  I  would  like 
the  Committee  to  give  its  opinion  upon  this  subject,  and  I  would  call 
attention  that  the  information  included  in  No.  i,  covering  not  only  the 
specifications  for  steam  shovel  but  the  method  of  doing  grading  and 
also  shrinkage  of  filling;  these  should  be  subdivided  under  suitable  head- 
ings ;  I  would  like  to  ask  the  Committee  how  that  can  be  adopted  and 
placed  in  suitable  form  for  the  Manual. 

Prof.  W.  D.  Pence  (University  of  Wisconsin)  : — Mr.  President,  if 
it  is  desired  by  the  Board  of  Direction  that  this  entire  matter  should 
be  digested  and  put  into  condensed  form  for  use  in  practical  work,  we 
could  combine  the  conditions  and  the  specifications  in  a  form  which  may 
be  supplied  by  the  Committee  for  the  use  of  the  editor  of  the  Manual. 

Mr.  Berg: — Did  the  Committee  present  this  matter  having  in  mind 
that  it  should  go  into  the  Manual?  Is  it  final  and  in  shape?  Is  the 
matter  in  their  minds  sufficiently  digested  so  that  we  can  consider  the 
information  conclusive  and  final?  In  that  case,  if  that  is  the  Committee's 
opinion,  I  see  no  reason  why  we  could  not  delegate  to  the  Committee 
between  now  and  the  time  of  the  publication  of  the  Proceedings  and  of 
the  Manual  the  right  to  put  the  information  in  such  shape  as  to  comply 
with  the  specifications  governing  publication  practice.  But  it  depends 
upon  whether  the  Committee  considers  the  information  in  final  shape. 

Mr.  Bremner : — The  Committee  had  in  mind  that  all  this  data 
which  they  gathered  and  their  recommendations  would  go  into  the 
Manual,  if  approved  by  the  Association.  The  way  we  would  get  this 
into  form  would  be  to  put  the  specifications  into  one  body,  with  the 
answers,  of  course  omitting  the  details  of  the  replies  we  received;  then 
make  another  statement  covering  each  of  the  various  methods  of  doing 
work,  abbreviated  as  much  as  possible,  and  showing  the  Committee's 
recommendation.  We  also  would  insert  the  questions  and  also  the 
Committee's  recommendation  regarding  shrinkage.  We  had  in  mind 
that  this  would  all  go  into  the  Manual,  and  I  think  it  can  be  properly 
edited  so  that  it  will  not  take  up  too  much  space. 

Mr.  Berg : — Then  I  move  that  the  Committee  be  authorized  to  place 
the  matter   in  proper   shape   for  publication   in   the   Manual. 

(The  motion  was  carried.) 

The  President :— This  completes  the  consideration  of  the  report,  and 
the  Committee  is  excused  with  the  thanks  of  the  convention. 


REPORT  OF  COMMITTEE  NO.  XV— ON  IRON  AND 
STEEL  STRUCTURES. 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

This  Committee  was  organized  in  May,  1901,  having  been  separated 
at  that  time  from  Committee  No.  VII — on  Bridges  and  Trestles. 

The  principal  work  of  the  Committee  has  been  the  production  of 
the  General  Specifications  for  Steel  Railroad  Bridges,  as  printed  in 
pamphlet  form  by  the  Association,  in  1906.  In  addition  to  this,  various 
important  phases  of  the  subject  have  been  specifically  investigated,  and 
among  the  papers  prepared  by  the  Committee  in  this  connection  may 
be  mentioned: 

A  study  of  the  best  practice  in  placing  bridge  work  under  contract, 
published  in  Vol.  3  of  the  Proceedings.  The  final  outcome  of  this 
study  is  the  practice  recommended  on  page  3  of  the  specifications  above 
referred  to. 

A  study  of  American  and  European  practice  in  the  use  of  mild 
steel  for  bridges,  with  discussions  of  the  same,  published  in  Vol.  4, 
with  arguments  favoring  the  single  grade  of  steel  which  was  finally 
adopted  by   the   Association. 

A  resume  of  experiments  and  conclusions  regarding  reaming  of 
punched  steel;  and  a  bibliography  of  bridge  designing,  with  especial 
attention  to  the  selection  of  unit  strains,  published  also  in  Vol.  4. 

An  extensive  series  of  experiments  made  under  the  direction  of  the 
Committee  to  study  the  effect  of  punching  acid  and  basic  steels  of 
various  thicknesses;  and  an  exhaustive  series  of  experiments  on  riveted 
joints,  published  in  Vol.  6.  For  showing  the  action  of  rivets  through 
fillers  and  intervening  plates,  these  latter  experiments  are,  by  far,  the 
most  valuable  yet  offered  to   the  profession. 

Papers  on  live  loads  for  bridge  designing  and  a  comparison  of 
impact  allowances,  and  an  historical  sketch  of  the  development  of 
.\merican   Bridge   Specifications,   are  also  published  in   Vol.  6. 

During  the  past  year  your  Conmiittee  has  investigated  and  discussed 
the  question  of  changing  the  desired  ultimate  strength  of  structural 
steel  from  60,000  to  62,000  lbs.,  the  advisability  of  lowering  the  phos- 
phorus limit  in  acid  steel  castings  from  .08  per  cent,  to  .06  per  cent., 
the  problem  of  making  experiments  to  determine  the  dynamic  effect 
of   live   loads   on   bridges,   inspection   of   existing  bridges    and    records   of 
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same  and  the  classification  and  rating  of  existing  bridges  as  to  their 
maximum    safe    loading. 

In  the  matter  of  change  in  specifications  as  above,  the  Committee 
is   not   ready    at   this    time   to    recommend   any   change. 

On  impact  experiments,  an  instrument  for  measuring  deformations 
under  strain  has  been  perfected  by  Professor  Turneaure,  and  one  has 
been  built  at  the  University  of  Wisconsin.  Several  satisfactory  trial 
experiments  have  been  made  with  this  instrument,  and  the  Committee 
awaits  the  action  of  the  Association  in  regard  to  procuring  funds  for 
prosecuting  effective  work  on  this  subject. 

On  inspection  of  existing  bridges,  data  has  been  collected  by  a  sub- 
committee showing  the  practice  of  a  large  number  of  the  principal  roads 
in   this  country  and  schemes  for  uniform  practice   discussed. 

On  classification  of  existing  bridges,  as  regards  their  safe  carrying 
capacity,  much  sub-comniittee  work  has  been  done  and  valuable  discus- 
sions obtained.  On  this  subject,  as  well  as  on  impact  experiments  and 
inspection,  your  Committee  desires  to  report  progress,  but  is  not  ready 
to   offer   a   filial    recommendation. 

Respectfully    submitted, 

J.  P.  Snow,  Bridge  Engineer,  Boston  &  ]\Iaine  Railroad,  Boston,  Mass., 

Chairman. 
C.    F.    LowETH,    Engineer    and    Superintendent    Bridges    and    Buildings, 

Chicago,    Milwaukee    &    St.    Paul    Railwaj',    Chicago,    Vicc-Chairman. 
M.   F.   Brown,   Chief  Engineer,   Boston   Bridge  Works,    Boston,    Ma.s'^. 
John  Brunner,  Assistant  General  Superintendent,  North  Works,  Illinois 

Steel   Company,   Chicago,    111. 

A.  W.    BuEL,    Associate    Bridge    Engineer,    Western    Pacific    Ry.,    New 
York. 

C.  H.  Cartlidge,  Bridge  Eng.,  Chicago,  Burlington  &  Quincy,  Chicago. 
C.  L.  Crandall,  Professor  R.  R.  Eng.,  Cornell  University,  Ithaca,  N.  Y. 
J.  E.  Greiner,  Assistant  Chief  Engineer,  B.  &  O.  R.  R.,  Baltimore,  Md. 

B.  W.  GUPPY,  Bridge  Engineer,  Maine  Central  Railroad,  Portland,  Me. 
A.  J.  HiMES,  Assistant  Chief  Engineer,  New  York,  Chicago  &  St.  Louis 

Railway,   Cleveland,   O. 
Chas.    M.    Mills,    Principal    Assistant    Engineer,    Elevated    Railroad    & 

Subway,  Philadelphia,  Pa. 
A.    D.    Page,    Principal    Assistant    Engineer,    Rock    Island    Ry.,    Chicago. 

C.  D.   Purdon,  Frisco  Railway,   St.   Louis,   Mb. 

A.   F.  Robinson,   Bridge   Engineer,    Santa   Fe   Railway   System,    Chicago. 
C.    C.   Schneider,    Consulting   Engineer,    Philadelphia,    Pa. 
F.    E.    Turne.\ure,    Dean    College    of    Engineering,    University    of    Wis- 
consin, Madison,  Wis. 
J.    R.    Worcester,    Consulting   Engineer,    Boston,    Mass. 

Committee. 
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A.— ON    THE    SUGGESTED    CHANGE    IN    GRADE    OF    STRUC- 
TURAL  STEEL. 

By  J.    P.    Snow,   Chairman. 

It  will  be  remembered  tliat  Committee  No.  XV  was  officially  re- 
quested at  the  last  annual  meeting  to  investigate  and  report  upon  the 
advisability  of  changing  the  desired  ultimate  strength  of  structural  steel 
from  6o,coo  to  62,000  lbs.  per  in.  Also  as  to  changing  the  maximum 
phosphorus  content  in  steel  castings  from  .08  per  cent,  to  .c6  per  cent. 

This  matter  has  been  placed  before  the  Committee,  and  the  indi- 
vidual comments  of  the  members  are  appended.  It  is  now  put  forth 
in  the  Bulletin   for  discussion  by  the  Association. 

As  to  raising  the  desired  ultimate  to  62,000  lbs.  the  assumed  advan- 
tage is  that  we  should  get  a  stronger  material  at  the  same  price.  The 
disadvantage  is  that  the  upper  limit  of  the  range  might  be  dangerously 
hard  for  the  ordinary  usage  of  the  bridge  shop.  This  argument  gathers 
force  from  the  fact  that  we  are  now  using  thicker  material  than  what 
might  be  called  the  normal  thickness  for  testing  purposes.  To  insure 
that  specimens  from  thick  material  shall  show  the  desired  figures  under 
test,  the  stock  must  be  higher  steel  than  is  needed  for  thinner  material. 
Moreover  our  test  specimens  are  cut  from  the  edges  of  plates,  the 
material  of  which  is  considerably  lower  in  hardeners  than  the  central 
line  of  the  plates.  This  feature  was  conclusively  shown  by  Mr.  C.  L. 
Huston,  Vice  President  Lukens  Iron  and  Steel  Company,  in  an  illustrated 
paper  read  at  the  late  annual  meeting  of  the  American  Society  for  Test- 
ing Materials.  He  showed  that  a  large  portion  of  a  steel  plate  (the 
central  part — nearly  three-fourths  of  its  area)  is  much  harder  than  the 
edges.  These  facts  go  to  prove  that  the  regular  run  of  our  metal  is 
really  higher  in  hardeners  than  our  tests  show. 

Again,  our  specification  is  now  formally  accepted  by  the  Association 
and  it  is  undesirable  to  shake  it  up  again  until  there  is  some  radical 
reason  for  doing  so.  In  view  of  these  considerations  it  would  seem 
best  to  leave  the  figures  unchanged. 

As  to  lower  phosphorus  in  steel  castings :  Phosphorus  is  undoubt- 
edly a  serious  evil  in  steel,  although  it  adds  greatly  to  its  fluidity  when 
Ijeing  poured  into  molds.  With  low  phosphorus  the  metal  must  be  at 
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a  very  high  temperature  to  fill  the  mold,  and  high  temperature  tends  to 
cause  trouble  from  gas  bubbles. 

It  is  claimed  that  soft  basic  steel  does  not  work  well  in  castings  and 
hence  the  chemistry  ought  to  be  kept  within  the  range  of  acid  steel. 
Probably  .06  phosphorus  can  be  readily  obtained,  but  for  ordinary  uses 
of  steel  castings,  .08  per  cent,  is  sufficiently  safe,  while  for  gears  and 
special  uses   .05   per   cent,   should  be   specified. 

Commenting  upon  the  above  presentation   of  the   matter : 

Mr.  LowETH  writes : 

"I  am  in  favor  of  changing  our  specifications  as  to  the  desired 
ultimate  strength  of  steel  from  60,000  lbs.  to  63,000  lbs. 

"I  am  decidedly  opposed  to  your  argument  that  as  the  specifications 
have  been  accepted  by  the  Association,  it  is  undesirable  to  make  a 
change.  If  this  view  is  generally  held,  it  more  than  confirms  me  in  my 
opinion  that  such  work  as  the  Association  has  been  doing  in  the  way  of 
making  standards  is  of  doubtful  value  and  will  tend  to  check  advance- 
ment, and  I  should  be  inclined  hereafter  not  to  make  any  compromise 
in  our  committee  work. 

"I  am  in  favor  of  the  lower  phosphorus  limit  for  steel  castings." 

Mr.  Brunner  writes : 

"I  am  strongly  opposed  to  any  changes  in  our  specifications  at  the 
present  time.  We  have  no  evidence  in  hand  showing  that  we,  under  the 
changes,  will  obtain  a  material  more  suitable  for  our  purpose  than  the 
material  we  obtain  under  the  specifications  as  they  now  stand." 

Mr.  Crandall  writes : 

"I  can  see  no  reason  for  changing  the  tensile  strength  of  our 
structural  steel  from  60,000  to  62,000  lbs.  My  own  feeling  is  that  while 
we  might  secure  greater  working  strength  on  the  average,  the  actual 
factor  of  safety  would  be  diminished ;  and  that  our  weakest  structure 
would  not  be  so  strong  as  under  present  requirements. 

"I  am  not  sufficiently  familiar  with  steel  castings  to  express  an 
opinion   on   the   phosphorus   requirement." 

Mr.  Greiner  writes : 

"I  am  perfectly  satisfied  with  the  unit  of  60,000  lbs.,  and  can  see  no 
reason  for  making  the  change." 

Mr.   Worcester  writes : 

"I  am  decidedly  opposed  to  increasing  the  desired  ultimate  strength 
of  steel  from  60,000  to  62,000  lbs.  My  reason  for  this  is  that  I  do  not 
believe  in  reaming  in  the  way  that  it  is  commonly  specified  to  be  done, 
namely,  after  parts  are  assembled ;  that  is,  to  remove  the  eflfects  of  the 
punching.  The  effect  of  the  punch  cannot  be  removed  unless  reaming 
is  done  before  parts  are  assembled.     This  being  the  case,  it  is  important 
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that  we  should  have  a  grade  of  steel  that  is  not  seriously  affected  by 
punching  and,  in  my  opinion,  60,000  lbs.  is  as  high  as  we  should  go  for 
this  material  for  a  desired  ultimate  strength. 

"As  to  the  reduction  of  the  phosphorus  limit  in  steel  castings,  I 
regret  that  I  cannot  from  my  experience  add  anything  of  value  to  the 
discussion."  , 

Mr.  Schneider  writes : 

"I  am  decidedly  against  any  changes  for  the  present  in  the  desired 
ultimate  for  structural  steel. 

"As  to  lower  phosphorus  in  steel  castings,  1  think  it  best  not  to 
make  any  changes,  as  the  best  steel  castings  are  undoubtedly  made  by 
the  acid  open-hearth  process.  I  think  this  kind  of  steel  castings  fill  all 
the  requirements  for  structural  work.  For  castings,  for  gearing  and 
machinery  parts,  I  would  specify  special  steel  with  a  lower  percentage  of 
phosphorus." 

Mr.  Brown  writes : 

"I  am  opposed  to  making  any  change  in  the  grade  of  steel  adopted 
by  the  Association,  at  least  at  present.  The  proposed  change  from 
60,000  to  62,000  lbs.  ultimate  appears  to  me  to  be  so  small  as  not  to  be 
worth  while.  We  get  hard  enough  steel  in  the  present  condition  of 
manufacture  with  60,000  desired  ultimate ;  and,  while  I  think  there  will 
be  little  trouble  upon  this  account  by  raising  it  to  62,000,  still,  I  think 
that  the  fact  that  the  Association  has  adopted  the  60,000  steel  is 
sufficient  for  present  purposes,  and  that  any  further  change  is  undesir- 
able until  improved  processes  may  permit  the  use  of  considerably  higher 
ultimate   strength. 

"Regarding  proposed  change  in  steel  castings,  would  say  that  I  am 
not  sufficiently  acquainted  with  the  matter  to  express  an  opinion  of 
value." 

Mr.  Page  writes : 

"I  am  in  favor  of  making  this  change  for  the  reason  that  I  believe 
the  lower  limit  of  55,000  is  too  low.  Practically  all  of  the  tests  on 
10,000  tons  of  material  which  we  have  purchased  under  these  specifica- 
tions have  run  from  58,000  to  64,000  and  a  large  percentage  running  from 
60,000  to  62,000.  If  we  should  make  the  change,  we  would  undoubtedly 
get  the  same  material  that  we  are  getting  now,  but  it  would  not  leave 
the  way  open  for  us  to  accept  55,000  material,  if  by  accident  a  test 
would  show  up  as  low  as  that. 

"As  to  changing  the  maximum  phosphorus  content  in  steel  castings 
from  .08  to  .06,  I  am  not  sufficiently  posted  to  express  an  opinion." 

Mr.   PuRDON   writes : 

"I  am  entirely  in  accord  with  your  conclusions  and  vote  against 
making  any  changes." 
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Mr.  Robinson  writes : 

'T  am  heartily  in  favor  of  raising  the  desired  ultimate  to  62,000.  1 
believe  we  should  specify  a  special  steel  for  all  eye-bars,  pins,  rollers 
and  rocker  plates,  using  therefor  what  we  on  our  road  call  medium  or 
eye-bar  steel,  running  from  60,000  to  70,000  lbs.  per  sq.  in.  ultimate. 
Examination  of  our  inspector's  test  reports  covering  a  period  since 
early  in  IQ02,  when  we  adopted  our  present  requirements  for  structural 
steel  (that  is,  55,000  to  65,000  lbs.  ultimate),  showed  in  no  single  case 
ultimate  strength  below  58,400  lbs.  per  sq.  in.  These  tests,  most  of 
them,  run  from  59,oco  to  64,000  lbs.  per  sq.  in.  If  this  is  shown  to  be  the 
case  universally,  it  can  work  no  hardship  whatever  to  the  steel  com- 
panies to  raise  the  lower,  or  minimum  ultimate  strength  to  57oOO  lbs., 
or,  as  you  note,  to  adopt  the  62,000  lbs.  steel. 

"As  to  the  propriety  of  raising  the  upper  limit  ultimate  strength, 
personally  I  should  be  very  much  in  favor  of  adopting  for  everything 
a  steel  running  from  6o,oco  to  70,000  lbs.  per  sq.  in.  rather  than  the 
limits  we  now  have  in  the  Association  specifications.  With  these  limits 
of  from  60,000  to  70,000  lbs.  you  will  seldom,  if  ever,  obtain  material 
showing  as  high  as  68,oco  lbs.  ultimately.  A  steel  showing  from  66,coo 
to  70,000  per  sq.  in.  ultimate  strength  can  be  worked  or  handled  with 
almost,  if  not  quite,  as  much  ease  as  the  6o,oco  lbs.  material.  I  have 
never  had  any  trouble  from  splitting,  cracking  or  breaking  of  material 
that  does  not  show  more  than  70,000  lbs.  ultimate  strength,  if  open 
hearth  material. 

"I  wish  to  make  protest  against  the  second  paragraph  of  page  2  of 
your  letter,  which  brings  up  the  argument  that  our  specifications  have 
formally  been  accepted  by  the  Association  and  that  it  is  undesirable  to 
shake  them  up  until  there  is  some  radical  reason  for  doing  so.  In  all 
the  discussions  of  the  Committee  on  Bridges  and  in  the  discussions  at 
the  Association  convention  the  whole  plea  has  been  that  we  should 
adopt  these  specifications  tentatively,  with  the  understanding  that  they 
are  to  be  modified  or  remodeled  from  time  to  time  as  may  be  best.  It 
does  not  seem  to  me  that  we  members  of  the  Committee  should  ever 
consent  to  admitting  even  in  our  own  discussions  this  paragraph  on  the 
second  page  of  your  letter. 

"The  larger  portion  of  the  steel  castings  of  which  tests  have  come 
under  the  eye  of  the  writer  showed  that  it  will  be  just  as  easy  to  obtain 
.c6  per  cent,  minimum  limit  as  .08  per  cent.,  and  I  should  much  prefer 
the  .06  per  cent,  for  my  own  work;  in  fact,  I  am  not  altogether  certain 
that  it  would  not  be  best  to  specify  .04  per  cent." 

Mr.   Mills  writes: 

"I  see  no  good  reason  for  changing  from  60,000  to  62,000.  Increas- 
ing the  limit  by  2,000  pounds  would  not  give  us  any  advantage  in  the 
unit  stresses  to  be  allowed,  and  would  result  in  material  which  would 
not  be  as  reliable  in  bridge  shop  fabrications.     Aside  from  the  foregoing 
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consideration,  it  is  too  soon  to  make  a  change,  particularly  one  of  such 
doubtful  expediency,  thereby  casting  question  upon  the  thoroughness  and 
quality  of  the  Committee's  work  which  led  to  the  fixing  of  6o,ooo  lbs. 

"The  Committee  should  be  progressive  and  endeavor  to  have  the 
results  of  its  work  up  to  the  highest  standard  of  engineering  practice, 
and  make  the  necessary  revisions  irom  time  to  time ;  but  I  do  not 
approve  of  this  change  or  any  change  in  the  desired  ultimate  at  this 
time. 

•  "I  find  that  at  the  present  time  basic  steel  is  used  by  manufacturers 
in  this  region  for  castings,  although  I  understood  some  time  since  that 
acid  steel  was  preferred,  as  better  castings  were  made  from  acid  metal. 
"I  do  not  feel  qualified  to  pass  on  the  advisability  of  reducing  the 
phosphorus  for  acid  metal  from  .08  to  .c6,  but  look  upon  the  matter  as 
one  which  we  will  have  ample  time  to  properly  consider  and  determine 
before  a  change  in  the  specifications  covering  this  point   is  necessary." 

Mr.  Cartlidge  writes : 

"I  am  heartily  in  favor  of  raising  the  desired  ultimate  strength 
from  60,000  lbs.  to  62,000  lbs.  in  our  structural  steel  specifications.  It  is 
our  practice  to  ream  material,  and  I  think  that  slightly  harder  material 
than  we  have  been  getting  is  desirable. 

"With  regard  to  changing  the  maximum  phosphorus  content,  I  am 
not  so  firmly  fixed  in  my  opinion,  but  from  what  I  have  been  able  to 
learn  there  will  be  no  difficulty  in  reducing  it  in  steel  castings  from 
.08  per  cent,  to  .06  per  cent.,  and  the  change  will  of  course  be  beneficial 
to  the  material. 

"The  second  page  of  your  letter  refers  to  a  point  which  I  have 
touched  upon  several  times,  and  which  seems  to  be  a  very  vital  one, 
that  of  the  permanency  of  the  adopted  specifications.  It  is  my  opinion 
that  no  specifications  of  the  Maintenance  of  Way  Association  ought  in 
any  sense  to  be  considered  permanent.  I  believe  the  greatest  value  can 
be  obtained  from  the  work  of  the  Association  if  it  is  considered  simply 
as  a  clearing  house  for  the  best  thought  and  engineering  ideas  in  the 
country,  and  that  any  attempt  to  set  up  standards  which  shall  remain  in 
force  will  result  in  decay." 

M'r.  GupPY  writes : 

"I  do  not  think  it  advisable  to  raise  the  ultimate  strength  of 
structural   steel   from   60,000  lbs.   to  62,000  lbs. 

"On  the  subject  of  proper  chemical  composition  for  steel  castings  I 
will  have  to  plead  ignorance." 

Mr.  HiMES  writes : 

"The  Association  has  adopted  a  specification  for  structural  steel. 
That  action  was  taken  after  a  very  full  and  interesting  discussion  and 
was  clearly  the  best  judgment  of  a  majority  of  those  who  are  best 
qualified  to  decide.     We  are  asked  to  change  the  specification.     For  what? 
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Has  there  been  a  change  in  the  method  of  manufacture?  Has  there 
been  a  change  in  the  needs  of  the  consumers?  Was  there  an  error  in 
the  determination  of  the  specification? 

"Before  taking  up  the  consideration  of  any  change  in  the  specifica- 
tion there  should  be  shown  some  apparent  need  for  such  change,  there 
should  be  presented  some  knowledge  or  necessity  not  existent  at  the 
time  of  its  adoption.  It  does  not  appear  that  any  such  knowledge  or 
necessity  has  been  discovered.  The  conditions  remain  the  same  and  we 
are  asked  in  effect  whether  our  former  action  was  ill-considered  and 
erroneous. 

■'Although  it  is  quite  apparent  that  this  question  has  been  raised  by 
the  defeated  minority  in  the  hope  of  securing  an  opportunity  to  show 
their  strength,  thfe  Committee  is  nevertheless  obliged  by  the  action  of 
the  convention  to  consider  the  question  on  its  merits  and  to  bring  for- 
ward all  available  information  that  may  have  any  influence  in  deciding 
the  question. 

"The  writer  having  adopted  the  present  specification  in  his  own 
work  before  it  was  recommended  to  the  Association  by  this  Committee, 
feels  it  a  duty  to  present  his  views  of  the  subject.  To  do  this  may 
involve  some  repetition,  but  as  he  has  not  previously  made  any  statement 
to  the  Association  the  repetition  may  at  least  be  regarded  as  cumulative 
evidence. 

"It  is  a  peculiarity  of  bridge  construction  that  the  knowledge  thereof 
must  be  definite,  that  is,  definite  to  a  degree  not  common  in  other  forms 
of  construction.  But  where  there  is  a  lack  in  definiteness  concerning 
the  strength  of  a  bridge,  it  is  customary  to  design  it  to  withstand  the 
most  unfavorable  condition. 

"Now,  it  is  the  opinion  of  the  writer  that  the  knowledge  of  struc- 
tural steel  commonly  purchased  under  a  specification  calling  for  an 
ultimate  strength  higher  than  60,000  lbs.  is  less  definite  than  the  knowl- 
edge of  steel  purchased  under  a  specification  of  60,000  lbs.  ultimate  and 
that,  therefore,  in  its  use  a  higher  factor  of  safety  is  needed. 

"But  the  claim  is  made  that  the  harder  steel  is  an  excellent  material, 
that  it  is  second  to  none,  and  that  because  of  its  higher  tensile  strength, 
if  the  unit  strain  remains  the  same  it  will  produce  a  stronger  bridge,  or 
by  using  a  proportionally  higher  unit  strain  less  material  will  be  needed 
and  the  dead  load  and  cost  will  be  less. 

"This  then  is  the  issue :  Is  our  knowledge  of  the  material  specified, 
a  steel  having  an  average  ultimate  tensile  strength  of  60,000  lbs.  per 
square  inch,  more  definite  than  our  knowledge  of  some  material  having 
a  higher  tensile  strength? 

"It  is  not  thought  by  the  writer  that  it  is  either  impossible  or 
impracticable  to  make  steel  of  a  higher  tensile  strength  whose  properties 
shall  be  known   as  definitely  as  those  of  the  material  specified. 

"But  it  is  claimed  with  emphasis,  that  under  the  ordinary  commer- 
cial conditions  of  the  present  time,  it  is  impossible  to  show  that  material 
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ordered  under  a  specification  of  60,000  lbs.  to  70,000  lbs.  ultimate  strength 
is  in  any  way  stronger  or  better  than  that  obtained  under  the  specification 
of  the   Association. 

"This  claim  is  based  upon  an  intimate  personal  knowledge  of  condi- 
tions existing  at  between  fifteen  and  twenty  of  the  largest  steel  mills, 
and  the  construction  of  about  15,000,  tons  of  bridges  during  the  past  half 
dozen   years. 

"Any  steel  having  an  average  ultimate  strength  greater  than  60,000 
lbs.  is  in  a  degree  exceptional  and  cannot  be  secured  without  care. 

"The  commercial  success  of  an  inspection  firm  is  largely  dependent 
upon  maintaining  friendly  relations  with  both  purchaser  and  manu- 
facturer, and  the  actual  work  of  inspection  is  generally  done  by  young 
men  having  little  other  experience  and  drawing  a  rather  small  salary. 

"These  facts  taken  together  indicate  a  strong  probability  that  not  all 
material  received  belongs  to  the  grade  specified  in  the  order,  especially 
if   that   is   an   unusual   grade. 

"It  is  a  case  where  if  one  wishes  to  purchase  something  different 
from  the  most  common  grade  of  material,  he  must  either  take  some  extra 
precautions  to  insure  that  he  gets  what  he  orders  or  risk  being  subjected 
to  a  gross  imposition.  It  is  misleading  for  an  engineer  to  recommend  a 
material  different  from  that  most  commonly  used  and  then  take  insuffi- 
cient measures  to  make   sure  that  it  is  properly   furnished 

"It  is  well  known  that  'mill  inspection'  consists  of  recording  such 
information  as  the  steel  company  chooses  to  furnish  and  it  is  commercial 
imbecility  for  a  man  to  sit  in  his  office  and  talk  about  thousands  of  tons 
of  steel  being  furnished  upon  honor.  There  are  undoubtedly  many  very 
honorable  men  concerned  in  the  manufacture  of  steel,  but  any  controlling 
solicitude  on  their  part  for  the  welfare  of  the  purchaser  would  be  con- 
trary to  the  history  of  human  nature.  Xhey  are  neither  altruists  nor 
religious  enthusiasts  and  their  only  profession  is  the  accumulation  of 
money  through  the  manufacture  of  steel. 

"The  abuse  joi  steel  in  the  fabrication  of  .structures  is  another  matter 
for  thought.  It  is  conceded  that  the  softer  steel  is  less  injured  by  abuse. 
That  there  is  occasional  abuse  in  handling,  in  straightening  and  in  work- 
ing, is  known  by  everyone  who  has  to  do  with  bridges.  If  the  strength 
of  a  bridge  is  the  strength  of  its  weakest  point,  there  is  small  gain  in 
building  a  bridge  of  a  steel  that  is  supposed  to  permit  a  higher  unit 
strain,  if  in  that  steel  there  is  a  chance  to  find  members  that  have  been 
heated  and  not  annealed,  that  have  been  strained  and  pounded,  or  have 
become  crystallized  through  abuse.  Full  sized  tests  of  medium  steel  eye- 
bars  show  many  fractures  that  are  partially  crystallized  in  spite  of  speci- 
fications to  the  contrary,  and  the  writer  would  like  to  ask  the  advocates 
of  higher  steel  whether  they  reject  all  eye-bars  represented  by  a  full 
sized  test  that   show  a  crystalline   fracture  ? 

"That  under  ordinary  conditions  of  inspection,  material  ordered 
to   a   specification   of  60,000   lbs.   to   70,000   lbs.    may   contain    steel    whose 
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tensile  strength  is  not  over  58,000  lbs.  and  that  in  the  fabrication  of 
bridges  steel  is  occasionalh'  subjected  to  improper  and  injurious  treat- 
ment, are  propositions  that  have  been  demonstrated  to  the  full  satisfac- 
tion of  the  writer.  He  would  add  his  opinion  that  a  change  in  the 
specification  of  2,coo  lbs.   is   too   small  to   be  considered. 

"But  it  would  seem  that  the  differences  of  opinion  are  occasioned  bj' 
a  misunderstanding,  for  the  specifications  are  written  to  apply  to  ordinary 
current  practice,  and  that  fact  should  be  more  plainly  stated  in  the 
Manual.  If  in  building  a  long  span  bridge  or  any  other  unusual  structure 
the  opportunity  is  presented  for  surrounding  it  with  unusual  safeguards, 
the  writer  would  not  question  the  wisdom  of  using  an  unusual  grade  of 
steel." 

Mr.   Snow  : 

It  will  be  seen  that  we  have  a  rich  variety  of  opinions  here,  covering 
a  range  from  an  objection  to  changing  the  specifications  per  se,  to  a 
desire  for  70,000-lb.  steel  for  plain  punched  work. 

I  desire  to  say  that  my  statement  in  regard  to  the  undesirability  of 
changing  our  specifications  has  been  taken,  by  some,  to  mean  more  than 
was  intended. 

It  is  not  expected  that  the  specifications  adopted  by  the  Association 
shall  be  Draconic  in  their  operation  or  unalterable  in  their  details.  At 
the  same  time,  I  submit,  that  it  is  somewhat  undignified  to  make  changes 
during  the  first  year  of  the  life  of  a  specification  that  has  been  under 
study  so  long  as  ours  has  been ;  unless,  forsooth,  the  contemplated 
changes  are  of  much  more  importance  than  those  before  us  at  present. 


B— ON    CLASSIFICATION   .OF    EXISTING    BRIDGES.* 
By  a.  J.  HiMES. 

To  determine  the  capacities  of  a  miscellaneous  lot  of  old  bridges  is 
a  very  complicated  and  difficult  task.  To  do  so  in  a  systematic  and  in- 
telligent manner,  so  that  one  may  feel  as  confident  of  the  results  as 
in  the  case  of  a  new  bridge,  requires  a  large  amount  of  time  and  ex- 
pense. The  task  demands  the  highest  skill  of  the  engineer,  and  in  its 
successful  achievement  experience  must  play  a  larger  part  than  in  many 
other  lines  of  work.  But  the  guide  of  experience  must  not  lead  to  an 
intuitive  judgment  because  whatever  remains  ill-defined  is  very  apt  to 
conceal  an  error.  The  judgment  should  be  the  result  of  a  clear  analysis 
of  all  available  learning  and  experience  and  should  be  applied  deliberately 
and  with  conviction. 

To  approach  the  task  with  clearness  and  with  the  assurance  of  har- 
monious results,  requires  a  preliminary  consideration  of  all  the  factors 
which  enter  into  the  safety  of  the  bridge.  There  is  the  material,  its 
nature  and  original  quality,  its  present  condition  of  wear  and  corrosion; 
the  design,  which  has  to  do  with  the  style  of  construction,  original  load- 
ing, unit  strains  and  details ;  the  workmanship,  which  has  to  do  with 
the  degree  of  perfection  attained  in  the  execution  of  the  design  and  the 
present  state  of  preservation  which  covers  the  history  of  its  service,  acci- 
dents, repairs,  alterations  and  general  deterioration. 

Only  by  having  a  thorough  knowledge  of  the  materials  used  in  the 
past  as  well  as  the  present  can  one  weigh  carefully  the  influence  of  that 
factor  of  strength.  Wrought  iron  in  its  perfection  is  an  excellent  ma- 
terial, but  it  is  not  always  perfect  and  its  peculiar  faults  are  at  times 
apparent.  The  ease  of  cutting  out  old  iron  rivets,  their  frequently  crystal- 
lized appearance,  occasional  laminations  and  streaks  of  cinder,  hard  spots 
discovered  with  a  drill  in  working  old  plates,  all  remind  us  that  the 
imperfections  of  man's  work  should  inspire  caution  when  judging  the 
merits  of  a  bridge  whose  history  is  unknown. 

Steel  also  has  its  faults,  and  the  great  variety  which  has  been 
used  under  different  specifications  and  sometimes  in  a  single  bridge 
renders  a  full  record  of  the  mill  inspection  necessary  to  produce  a  faith 
that  the  material  of  a  structure  is  better  than  the  poorest  steel  known 
to  have  been  in  use  at  the  time  when  it  was  built.  Sometimes  it  is  well 
to  remove  old  ej^e-bars  or  other  parts  and  by  testing  determine  the  con- 
dition and  strength  of  the  metal.  Excessive  hardness  or  crystallization 
should  always  arouse  suspicion,  and  they  are  not  uncommon  faults. 


♦Preliminary  report. 
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To  decide  upon  the  capacity  of  an  old  bridge  and  one  of  which  no 
records  can  be  found,  is  a  veiy  ueHcate  matter.  There  is  always  a  desire 
on  the  part  of  the  financial  management  for  a  rigid  adherence  to  economy, 
usually  coupled  with  a  total  lack  of  understanding  of  the  case  and  with 
which  a  positive  statement  of  any  kind  carries  more  weight  than  an 
attempted  explanation  of  the  difficulties.  Is  the  bridge  safe  or  not?  is  the 
question ;  and  an  answer  "yes  or  no"  is  expected,  while  the  engineer, 
who  knows  of  many  cases  within  his  experience  where  bridges  which 
by  all  the  learning  of  the  profession  ought  to  collapse  under  the  first 
train  have  persisted  in  doing  their  work  for  many  years,  who  knows  the 
weaknesses  of  the  art,  the  uncertainties,  the  undiscovered  defects  which 
may  exist,  and  who  has  a  serious  appreciation  of  his  responsibility,  may 
well  think  twice  before  announcing  his  decision. 

In  the  last  analysis,  as  human  affairs  are  judged,  the  question  will 
be  asked:  "Did  he  make  use  of  all  usual  and  available  means  to  de- 
termine his  result?  Did  he  use  due  diligence  and  does  his  work  conform 
to  the  prevailing  customs  and  best  practices  of  his  time?" 

Here,  then,  is  the  importance  of  the  work  we  have  in  hand,  to  estab- 
lish a  custom,  to  say  what  are  the  best  practices  by  which  our  profession 
is  to  be  judged. 

In  order  to  put  the  matter  before  the  Committee  in  form  for  dis- 
cussion, for  study  and  revision,  there  is  here  submitted  a  scheme  or  pro- 
gram, a  line  of  thought,  on  which  the  analysis  may  proceed.  No  un- 
animity of  opinion  can  be  expected  in  the  beginning,  but  all  considerations 
of  economy,  safety  and  harmony  of  railroad  operation  require  that  a 
standard  practice  shall  be  established,  and  it  is  hoped  that  herein  a  step 
is  made  toward  that  end. 

In  the  beginning  it  must  be  recognized  that  there  are  types  of  struc- 
ture and  types  of  detail  which  vary  in  their  elements  of  safety  far  more 
than  the  material  used.  These  things,  as  well  as  quality  of  construction 
and  state  of  preservation,  must  influence  the  permissible  load  and  be  con- 
sidered at  the  same  time  and  together  with  the  unit  strain. 

A  single  unit  strain  of  twenty  thousand  pounds  has  been  selected  for 
all  material  and  all  designs.  It  is  believed  that  this  is  close  to  the 
maximum  strain  that  can  in  any  way  be  justified.  It  is  below  the  elastic 
limit  of  all  iron  used  for  bridges  and  is  not  more  than  two-thirds  of  the 
elastic  limit  of  the  softer  steels.  It  has  been  generally  used  by  engineers 
of  large  experience  in  the  maintenance  of  old  structures  and  is  undoubt- 
edly safe  when  there  are  no  flaws,  either  defects  of  manufacture  or  later 
iiiiuries.  This  selection  ignores  the  relative  merits  of  different  materials 
and  must  do  so,  for  save  the  specific  and  heretofore  unusual  case  of  a 
bridge  whose  full  inspection  record  has  been  preserved,  there  is  no  in- 
formation adequate  for  any  discrimination. 

But  while  a  single  unit  strain  has  been  chosen  for  all  cases,  recogni- 
tion is  given  to  the  fact  that  varying  structures  and  conditions  of  loading 
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produce  different  degrees  of  safety.  These  things,  however,  do  not  con- 
cern the  metal  itself,  and  the  figure  selected  is  that  which  should  be  safely 
carried  at  all  times  if  applied  without  shock. 

The  conditions  of  loading  commonly  assumed  for  new  bridges  are 
supposed  to  cover  extreme  cases  and  may  be  wisely  modified  in  the  dis- 
cussion of  those  already  built.  It  is  easy  to  avoid  coupling  two  locomo- 
tives together  and,  therefore,  but  one  should  be  assumed  at  the  head  of 
the  train.  Wheel  concentrations  are  never  realized  and  may  well  be 
ignored  in  certain  structures.  Impact,  about  which  such  varying  ideas 
are  held,  has  been  used  as  employed  by  Cooper  (see  Association  Bulletin 
No.  71,  page  52)  to  cover  the  effect  of  "a  sudden  blow  due  to  derailment." 

Before  considering  the  several  types  of  structure,  it  is  well  to  review 
the  possible  methods   of  failure. 

The  rupture  of  any  important  bridge  member  requires  work.  Work 
is  the  product  of  force  by  distance,  which  involves  time.  To  those 
familiar  with  the  testing  of  full-sized  members  it  is  scarcely  conceivable 
that  one  should  give  way  under  the  passage  at  full  speed  of  a  heavy  loco- 
motive. A  load  equal  to  the  ultimate  strength  would  require  some 
seconds  to  produce  rupture.  There  are  many  cases  where  a  locomotive 
has  passed  completely  over  a  bridge  that  has  failed  under  the  train  it 
was  pulling  (see  Engineering  News,  Vol.  40,  page  356).  An  electric 
railway  bridge  at  Conneaut  failed  not  long  ago  under  a  motor  car  which 
safely  cleared  the  bridge.  It  was  plainly  a  case  where  the  bridge  did 
not  have  time  to  fall  down  under  the  car. 

But  while  no  part  of  a  bridge  is  likely  to  be  strained  to  the  ultimate 
limit  by  assumed  conditions  of  loading,  the  force  of  a  blow  may  greatly 
exceed  that  limit  and  be  so  great  that  a  fraction  of  a  second  will  suffice 
for  failure.    A  shock  is  then  most  to  be  feared  in  a  weak  bridge. 

The  longitudinal  forces  due  to  the  starting  or  stopping  of  a  train, 
the  bumping  of  freight  cars  caused  by  a  sudden  application  of  the  brakes, 
the  hammer  blow  of  locomotive  driving  wheels,  or  a  derailment,  may 
afford  such  a  shock. 

All  bridges  in  which  the  full  load  is  carried  directly  to  a  single 
member,  as  a  floor-beam  hanger  or  a  hip  vertical,  are  peculiarly  liable  to 
destruction  by  shock.  Strains  are  divided  among  the  different  members 
of  a  truss  in  proportion  to  the  elasticity  thereof,  and  where  more  than 
one  path  is  possible,  what  might  be  an  overload  for  one  member  becomes 
divided  and  may  be  safely  carried  by  both.  A  case  is  authentically  re- 
ported where  a  post  was  knocked  out  of  a  truss  by  an  accident  and  the 
following  train  passed  over  the  bridge  in  safety,  the  only  support  for  one 
end  of  the  floor  beam  having  been  the  iron  stringers,  with  their  riveted 
floor-beam  connections  acting  as  a  girder  of  two  panel  lengths.  In  this 
case  the  strains  surely  did  not  travel  in  the  path  designed  for  them. 

It   follows   that    those    types   of   structure   which    avoid    applying   the 
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full  load  directly  to  a  single  member  afford  a  higher  degree  of  safety 
than  exists  where  single  members  are  so  used. 

Destruction  may  come  from  the  wear  and  deterioration  caused  by 
excessive  motion.  The  rubbing  of  counters,  and  floor-beam  hangers,  the 
rotation  of  pins,  the  working  of  joints,  are  examples.  It  is  clear  that  these 
faults  are  peculiar  to  certain  types  of  structure.  Failures  from  this  cause 
come  slowly  and  may  be  forestalled  by  inspection  and  repairs. 

The  wearing  of  details  is  readily  discovered  by  inspection.  It  is  in- 
dicated by  streaks  of  rust,  cracking  of  paint,  loosening  of  rivets,  deflec- 
tion,  vibration    and    noise. 

The  safest  type  of  bridge  is  the  deck-plate  girder.  Such  a  bridge  is 
not  likely  to  collapse  from  overload  and  is  less  subject  to  the  danger  of 
shock  than  any  other  bridge.  With  a  deck  of  ballast  it  is  free  from  con- 
centrated loading  and  impact  and  will  stand  the  highest  degree  of  over- 
loading. Failure  is  not  impossible,  but  it  will  come  gradually  and  will 
furnish  ample  warning  by  loosening  of  rivets,  cracking  of  paint  and  bulg- 
ing of  plates. 

Next  in  safety  is  the  through-plate  girder.  Its  points  of  weakness  as 
compared  with  the  former  being  the  floor-beam  and  stringer  connections, 
the  increased  number  of  parts  and  the  danger  of  blows  to  the  girders  in 
case  of  derailment.  Used  with  a  ballast  floor,  it  may  also  be  considered 
free  from  concentration  and  impact.  Without  ballast,  an  impact  allow- 
ance of  25  per   cent,   is  made  in   floor   connections. 

The  riveted  deck  truss  is  classed  next  in  degree  of  safety.  Its  floor 
system  is  of  the  simplest  type.  No  part  stands  above  the  track  to  receive 
a  blow  from  a  train,  and  it  should  have  a  minimum  of  vibration.  With 
a  ballasted  floor,  concentration  and  impact  may  be  neglected. 

Riveted  through  trusses  are  next  on  the  list.  These  bridges,  even 
with  ballasted  floors,  are  more  subject  to  abuse  and  should  have  an  im- 
pact allowance.  With  subdivided  panels,  there  is  such  a  multiplicity  of  pos- 
sible paths  for  strains  to  travel  that  there  is  small  danger  of  collapse 
through  failure  of  a  single  member. 

The  pin-connected  truss  is  placed  last,  and  because  of  the  differences  of 
opinion  which  prevail  concerning  the  comparative  merits  of  pin-connected 
and  riveted  structures,  it  should  be  said  that  this  has  been  written  chiefly 
with  reference  to  ordinary  structures  of  less  than  two  hundred  feet  span. 
The  reasons  why  it  seems  less  safe  than  the  riveted  type  are  because  of 
its  greater  flexibility  and  vibration,  the  consequent  wear  of  the  parts  and 
the  greater  chance  of  failure  through  rupture  of  a  single  member. 

Table  i  presents  the  foregoing  classification  in  condensed  form.  In 
it  the  types  of  structure  are  arranged  in  their  order  of  superiority  as  de- 
termined by  their  freedom  from  opportunities  for  destruction. 

Under  character  of  loading  by  "uniform"  it  is  meant  that  the  engine 
load  is  to  be  uniformly  distributed  over  the  wheel  base ;  by  "concen- 
trated" is  meant  that  wheel  loads  are  to  be  used. 
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TABLE     SHOWING^    PROPOSED     TREATMENT    OF    THE    VARIOUS     TYPES     OF     METAL 

RAILROAD  BRIDGES. 


Type  of  Structure. 


Plate  girder,  deck,  ballasted 

Plate  girder,  deck,  no  ballast 

Plate  girder,  thro.,  ballasted  

Plate  girder,  tbro.,  no  ballast 

Trusses,  riveted,  deck,  ballasted. . . . 
Trusses,  riveted,  deck,  no  ballast  . . 
Trusses,  riveted,  thro.,  ballasted.. . . 
Trusses,  riveted,  thro.,  no  ballast. . 


Trusses,  pin-con.  deck,  ballasted... 
Trusses,  pincon.  deck,  no  ballast. 
Trusses,  pin-con.  thro.,  ballasted... 

Trusses,  pin-con.  thro.,  no  ballast., 


Unit 
Strain. 


Pounds. 
20,(to0 
20,000 
20,000 
20,000 
20,000 
20.000 
20.000 
20.000 

20,000 
20,000 
20,000 

20,000 


Character  of 
Loading. 


Uniform. 

Concentrated. 

Uniform. 

Concentrated. 

Uniform. 

Concentrated. 

Uniform. 

Concentrated. 

Uniform. 

Concentrated. 

Uniform. 

Concentrated. 


Impact. 


None. 

None. 

Kone. 

•2h%  on  floor  connections. 

None. 

■2r>%  on  floor  connections. 

25''o  on  floor  connections. 

25''o  on  members  carrying 

direct  strain. 
None. 

25'>o  on  floor  connections. 
25%  oii  members  carrying 

direct  strain. 
25"o  on  members  carrying 

direct  strain. 


Js^oTEs.  The  several  types  are  arranged  according  to  the  degree  of  their  security 
from  failure. 

Strains  are  to  be  calculated  for  one  locomotive  followed  by  a  uniform  train  load. 

The  bending  moments  of  stringers,  floorbeams  and  plate  girders  are  assumed  to  be 
resisted  by  flange  section  only. 

Details  should  be  well  designed. 

Corrosion  and  wear  should  be  very  small. 

For  the  first  three  types,  the  period  of  use  under  the  conditions 
stated  may  be  indefinite.  For  the  remainder,  the  period  of  use  should 
be  limited,  its  exact  duration  to  be  determined  by  inspection. 

The  impact  allowance  does  not  conform  to  the  specifications  of  the 
Association,  as  that  appears  to  be  a  refinement  beyond  the  limits  of  error 
of  this  class  of  work. 

The  system  proposed  is  intended  to  apply  to  regular  traffic.  Under 
such  traffic,  a  frequent  and  rigid  inspection  will  discover  weakness  before 
failure  results  and  there  need  be  little  fear  of  accident.  Good  track,  a 
reduction  of  speed,  prohibition  of  stopping,  starting  or  use  of  brakes,  are 
precautions  to  be  rigidly  observed.  It  is  considered  that  bridges  which 
come  within  these  limits,  but  show  little  or  no  excess  of  strength,  require 
provision  for  early  renewal.  To  say  just  how  long  they  may  be  used  is 
itnpossible.    Their  life  at  any  time  is  to  be  determined  by  inspection. 

For  reasons  already  stated,  failure  is  to  be  looked  for  in  the  details 
rather  than  in  the  body  of  the  member.  It  is  impossible  to  discuss  the 
safety  of  a  bridge  without  consideration  of  the  details.  Many  very  bad 
details  have  been  used  and  if  plans  are  not  available  they  should  be 
studied  in  the  field. 

The  passage  of  an  exceptionally  heavy  load  is  to  be  carefully  guarded 
as  unusual  treatment  and  is  most  likely  to  develop  a  weakness. 

Every  bridge  should  be  studied  individually  and  treated  according  to 
its  peculiarities.  A  trained  inspector  should  be  familiar  with  all  its  de- 
tails and  make  his  examinations  at  periods  to  be  governed  by  its  con- 
dition. 

Very  many  conditions  may  exist  which  have  not  been  mentioned 
and  which  may  largely  influence  the  decision.     It  is  impossible  to  discuss 
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every  case,  but  the  enumeration  of  a  few  defects  that  have  come  within 
the  writer's  experience  may  be  of  interest:  A  cast-iron  trussed  floor- 
beam  suffered  a  vertical  crack  near  the  hanger  so  that  all  shear  was 
carried  by  the  truss  rods.  An  inside  top  flange  plate  of  a  through  plate 
girder  cracked  square  across  the  flange.  The  material  was  steel.  Both 
bridges  remained  in  service.  A  heavy  timber  falling  on  an  outside  chord 
bar  bent  it  badly.  The  bar  was  removed  readily  without  force  and 
replaced  without  interruption  of  traffic  and  without  the  use  of  false  work. 
The  bridge  was  a  single  track  deck  span  of  325  ft.  The  chord  bars  in 
the  end  panels  of  through  spans  have  been  found  perfectly  slack,  the 
thrust  of  the  end  posts  being  taken  up  by  the  masonry,  and  this  condition 
existed  where  there  were  rollers  under  the  pedestals.  Top  chord  pins 
have  been  found  channeled  5^-in.  by  the  pin  plates.  Sway  rods  have  been 
broken  repeatedly  in  skew  deck  spans  where  the  second  panel  point  of  one 
truss  was  opposite  the  masonry  bearing  of  the  other  truss.  A  locomotive 
backed  into  the  end  post  of  a  partially  open  pin-connected  draw  span  and 
destroyed  the  post  without  other  damage  to  the  bridge.  The  bottom 
chord  of  a  pin-connected  draw  span  was  completely  severed  by  a  boat, 
but  the  truss  was  only  slightly  distorted  and  easily  restored  to  service.  A 
tower  post  of  a  pin-connected  iron  trestle  of  30  ft.  and  60  ft.  spans  was 
knocked  from  its  masonry  pedestal  by  a  falling  freight  car.  The  cxr 
was  in  the  middle  of  a  train  but  the  trestle  did  not  fall.  The  wreck  was 
caused  by  a  sudden  application  of  the  brakes  and  the  train  remained 
standing  on  the  trestle.  Iron  floor  beams  with  U  hangers  and  wooden 
stringers   oscillate   continuously   under   the   passage   of  a  train. 

It  is  needless  to  enumerate  more  occurrences  of  this  sort.  They 
are  enough  to  prove  that  treacherous  steel  has  been  used,  that  strains 
do  not  always  travel  in  the  paths  assigned  to  them,  and  that  bridges 
deteriorate  through  wear.  They  also  show  that  a  bridge  engineer  can 
find  much  to  learn  from  the  study  of  structures   in   service. 

Having  established  the  method  of  treatment  to  be  followed  for  each 
of  the  several  types  of  bridge,  the  next  step  is  the  calculation  of  strains. 
The  important  feature  of  this  work  is  to  minimize  the  labor.  To  cal- 
culate the  strains  in  a  bridge  for  every  engine  that  passes  over  it  is 
impossible.  To  calculate  the  strains  in  every  bridge  for  every  class 
of  locomotives  using  it  is  beyond  the  capacity  of  many  engineering 
departments.  If  there  is  a  great  variation  in  age  and  condition  as 
well  as  design  of  the  bridges  on  a  large  road,  some  simplification  of 
the  method  of  reviewing  them  is  imperative.  Dead  locomotives  in 
transit,  cars  of  unusual  capacity,  and  extraordinary  loads  must  all  be 
considered  with  reference  to  the  capacity  of  the  weaker  bridges  and  to 
avoid  loss  of  traffic  as  well  as  accident  it  must  be  possible  to  state 
quickly    what   loads   can    or   cannot   be    handled. 

To  do  this,  Mr.  C.  D.  Purdon,  Consulting  Engineer  of  the  St. 
Louis  &  San  Francisco  Railroad,  has  developed  a  system  described  by 
him  in  the  Journal  of  the  Association  of  Engineering  Societies,  Vol.  33, 
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page  325,  under  the  title  "The  Classification  of  Engines  for  Bridge 
Loading."  Mr.  Purdon  calculates  each  bridge  for  Cooper's  E-40  loading 
and  determines  its  weakest  part.  He  then  by  proportion  finds  that  one 
of  Cooper's  series  for  which  it  is  safe  and  assigns  the  bridge  to  that 
class.  He  next  determines  the  relative  position  in  Cooper's  series  of 
each  class  of  locomotive  in  use,  and  by  plotting  on  the  same  sheet  the 
equivalent  uniform  load  per  foot  fo'r  varying  spans  produced  by  each 
class  and  also  by  the  loads  of  Cooper's  series,  their  relative  effects  on 
the  structure  can  be  easily  seen.  The  load  curves  of  Cooper's  series 
are  thus  made  to  serve  as  a  scale  with  which  to  measure  the  capacity 
of  a   bridge  to  carry  loads   other   than   those   of  the   series. 

When  we  consider  that  the  strains  calculated  from  assumed  wheel 
loads  are  somewhat  fictitious,  that  the  floor  system  always  operates 
to  distribute  the  load  and  that  even  pin-connected  bridges  never  even 
approximate  the  theoretical  assumption  of  hinged  joints,  it  seems  as 
though  any  load  judiciously  assigned  to  a  place  in  the  scale  could  be 
sa.'ely    carried    without    a    more    refined    calculation. 

The  writer  would  suggest  that  a  concise  history  of  each  bridgt 
(with  references  to  the  plan  file)  be  kept  and  bound  with  others  in  a 
loose-leaf  binder.  The  sheets  should  be  about  8^x14  inches  with  quad- 
rille ruling.  Such  a  history,  if  preserved  for  ten  or  fifteen  years,  would 
be  of  great  value  in  deciding  promptly  questions  which  sometimes  re- 
quire weeks  to  settle.  Then  in  order  to  put  this  information  in  the 
hands  of  the  operating  department,  instead  of  permitting  untrained  men 
to  use  Mr.  Purdon's  diagram,  he  would  rule  a  sheet  in  squares  with  a 
list  of  all  stations  on  a  district  in  the  left-hand  column  and  the  same 
list  arranged  horizontally  across  the  top.  Then  below  any  station  at 
the  top  and  opposite  each  station  in  the  column,  write  the  class  of 
Cooper's  series  representing  the  maximum  permissible  load  between 
those  stations  and  also  the  span  of  the  weakest  bridge. 

The  work  of  the  engineer's  office  would  then  be  reduced  to  a 
determination  of  the  position  in  the  series  of  any  proposed  loading. 
All  locomotives  in  regular  service  could  be  compared  with  the  series  by 
tabulation.  Such  a  sheet  would,  of  course,  never  be  completely  filled, 
but  it  would  afford  a  means  of  recording  the  results  of  one's  labor  and 
in  time  would  be  of  great  value.  Every  decision  would  appear  in  the 
table  and  not  be  buried  in  the  more  or  less  accessible  files  of  the  office. 

LIST    OF    REFERENCES    TO    ARTICLES     BEARING    UPON     THE    SUBJECT. 

"Defects  in  Old  Girders,"  Engineering  News,  Vol.  45,  page  16. 

"Unit  Stresses  and  Impact  in  Old  Railway  Bridges,"  A.  F.  Robin- 
son, Mem.  Am.  Soc.  C.  E.,  Engineering  News,  Vol.  48,  page  244. 

"Concerning  the  Investigation  of  Overloaded  Bridges,"  Wilbur  J. 
Watson,  Mem.  Am.   Soc.  C.  E.,  Engineering  News,  Vol.  56,  page  200. 

Tabulated    Records    of    Bridge    Failures,  can    be    found    in    the    En- 


368 


IRON  AND   STEEL  STRUCTURES. 

pp.    282,   288,    357;    Vol.    23,    pp. 


gineering    News    as    follows :    Vol.    21, 
372,  375;  Vol.  Z7,  pp.  93>  154- 

It  is  suggested  that  load  curves  for  Cooper's  series  and  a  number 
of  other  common  loads  be  printed  for  distribution,  thus  avoiding  an 
unnecessary    repetition    of    labor. 


AUSTRIAN      RAILWAY       MINISTERIAL      ORDER       OF       AUGUST,       I905,       COVERING 
SPECIAL    REGULATIONS     CONCERNING     EXISTING    RAILWAY     BRIDGES. 

Abstract  from  Bulletin  Xo.  4,  Vol.  XX,  April,  1906,  International  Railway  Congress. 

In  wrought  or  ingot  iron  bridges  built  before  the  adoption  of  this 
order,  the  maximum  strain  in  iron  or  steel  shall  not  exceed  the  units 
specified    in    the    following   table : 


When  strains  from  vertical  and  centrifugal  loads  and  from  tem- 
perature effects  alone  are  considered: 
Tension  and  compression: 

Spans  up  to  100  feet 

Spans  over  100  feet 

Where  I  equals  the  span  in  feet: 

Shear,  except  on  rivets 

Shear,  on  rivets,  in  one  direction  only 

Shear,  on  rivets,  in  several  directions 

Bearing  on  rivets 

When  wind,  lateral  oscillation  and  brake  action  are  considered  as 
well  as  the  above  forces: 

Tension  and  compression 

Shear,  except  on  rivets 

Shear,  on  rivets 

Bearing  on  rivets 


Pounds  per 
Square  Inch. 

13,510 
13,077+4  i^i 

9,960 
11,380 
10.670 
24,890 


17,780 
11,380 
12,090 
28,450 


These  units  are  about  25  per  cent,  greater  than  those  prescribed  for 
new  bridges.  The  loads  to  be  used  on  existing  bridges  are  two  of 
the  most  unfavorable  engines  in  use  on  the  line  in  question,  followed  by 
a  train  of  the  heaviest  loaded  freight  cars.  On  new  designs  the  loads 
are  typical.  The  live  load  strains  are  without  impact  and  all  existing 
bridges  seem  to  be  treated  as  if  constructed  of  wrought-iron. 

Reinforcing  material  for  strengthening  existing  bridges  is  computed 
at   wrought-iron   units,  whether  it  be  iron  or   steel. 


C—ON     MAINTENANCE     OF     EXISTING     METAL     BRIDGES.* 

By   B.    W.    Guppy. 

INSPECTION. 

The  maintenance  of  a  metal  bridge  consists  in  the  prevention  of 
deterioration  by  rust  and  wear,  the  repairing  of  all  damage  resulting  from 
internal  or  external  causes,  and  the  necessary  strengthening  of  the  structure 
if  called  upon  to  carry  loads  heavier  than  those  for  which  it  was  designed. 

To  attain  these  ends  the  structure  must  be  kept  free  from  rust  by 
proper  cleaning  and  painting,  motion  between  the  various  parts  must  be 
reduced  to  a  minimum,  expansion  joints  must  be  kept  working  freely,  all 
defects  and  injuries  must  be  promptly  discovered  and  repaired  and  its 
capacity  determined  as  accurately  as  possible. 

The  purposes  of  an  inspection  are  to  ascertain  the  condition  and 
safety  of  the  structure  and  to  determine  the  amount  and  rate  of  deteriora- 
tion and  the  necessity  for  repairs  or  renewal.  Ordinarily  a  thorough 
annual  inspection  made  by  a  competent  inspector  will  suffice  for  most 
cases  where  the  bridge  is  properly  constructed  and  is  not  overloaded.  On 
the  other  hand,  nothing  short  of  a  daily  inspection  will  be  sufficient  to 
discover  with  sufficient  promptness  the  damage  caused  by  an  accidental 
blow. 

Between  these  two  extremes  there  are  many  reasons  for  making  in- 
spections of  more  or  less  thoroughness  and  frequency. 

The  following  scheme  for  inspection  seems  to  be  an  average  of  the 


*The  following  study  on  the  Maintenance  of  Existing  Bridges  is  submitted 
as  a  sub-committee  report  in  the  hope  of  drawing  out  discussion  by  the  members 
of  the  Association.  It  lias  not  yet  been  considered  in  full  Committee  and  is 
offered  in  the  Bulletin  so  that  the  Committee  may  have  the  benefit  of  the 
views  of  the  membership  in  making  up  its  final  report. 

ITie  organizations  of  railroads  differ  so  much  that  no  one  system  of  keep- 
ing in  touch  with  the  structures  can  be  recommended  for  all.  We  have  thought 
best  to  confine  our  work,  so  far  as  practicable,  to  the  actual  field  work  of  the 
men  who  inspect  the  structures  in  detail  and  their  reports  to  their  immediate 
superiors,  including  something  also  on  recording  and  filing  these  original  reports. 

We  divide  the  subject  into  three  sections,  viz.  :  Inspections,  Reports  and 
Records.  It  may  seem  that  this  encroaches  somewhat  upon  the  field  of  Com- 
mittee No.  XI,  but  we  cannot  handle  the  topics  assigned  us  by  the  Board  of 
Direction  without  doing  as  much,  at  least,  as  is  outlined  in  Mr.  Guppy's  report. 
A  field  inspector's  reports,  moreover,  can  have  nothing  of  interest  to  the 
Auditor's  department,  which  is  the  ultimate  objective  of  the  work  being  done 
by    Committee   No.   XI. 

Many  of  the  blank  forms  sent  us  by  various  railroads  are  so  large  that 
they  cannot  possibly  be  intended  for  field  use.  They  must  be  for  summaries 
or  "secondary  reports  to  be  filled  out  at  an  office  and  forwarded  to  Division  or 
General  headquarters.  They  also  frequently  contain  many  "stan.ding  items," 
as  they  might  be  called,  which  do  not  need  to  be  repeated  on  each  inspection 
report.  It  is  thought  best  for  our  Committee  to  confine  its  work  on  this  subject 
to  the  primary  inspector,  his  instructions,  his  report  and  the  filing  or  recording 
of  the  same. — J.  1*.   Sxow,  for  the  Committee. 
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practice  of  the  various  roads  replying  to  the  circular.  It  is  applicable  tc 
either  the  divisional  or  departmental  system  of  maintenance : 

(i)  ^3'  trackmen  daily  in  connection  zvith  the  inspection  of  the 
track,  to  note  especially  zvhether  tJie  structure  has  suffered  any  damage 
from  drift,  higli  zi'at.r,  slides  or  objects  falling  from  cars  and  any  move- 
ment of  the  substructure. 

No  report  seems  necessary  unless  something  wrong  is  discovered, 
when  the  proper  autI;oriti.es  should  be  notified  and  the  necessary  measures 
taken  to  insure  the  safety  of  the  bridge.  It  should  be  the  duty  of  the 
trackmen  to  keep  the  bridge  and  bridge  seats  free  from  dirt  and  the 
waterway  unobstructed. 

(2)  Monthly  by  a  member  of  a  bridge  gang  reporting  through  the 
foronan  to  the  Supervisor  of  Bridges  and  Buildings,  to  ascertain  con- 
dition   and   safety    of  structure   and    repairs    necessary. 

A  brief  report  should  be  made  for  each  structure  visited  and  should 
contain  the  following  information  : 
Date  of  visit. 

Name  and  location  of  bridge. 

Condition  of  superstructure  and  substructure — safe  or  otherwise. 
Necessary  repairs  and  material  required  for  same. 

(3)  Annually  by  an  inspector,  to  obtain  a  detailed  report  of  the 
condition  of  the  structure  for  ofRcc  record  and  to  determine  the  amount 
of  deterioration,  safety  and  necessity  for  repairs  or  renewals. 

This  inspection  should  be  made  with  great  thoroughness  and  a  record 
made  of  the  condition  of  every  part  of  the  structure. 

(4)  Annually  by  the  authorities  having  charge  of  the  structure,  to 
determine  the  necessity  for  extensive  repairs  or  reinforcement  or  renewals. 

The  records  obtained  by  No.  3  should  be  used  as  a  basis  for  No.  4. 
In   addition   to   the   foregoing,   special   examinations   should   be  made 
as  occasion  may  require  as  follows: 

(a)  Of  structures  that  are  strained  high  or  show  signs  of  distress 
under  traffic. 

(b)  Of  substructures  showing  signs  of  movement  until  it  has  been 
ascertained  that  a  state  of  stable  equilibrium  has  been  reached,  or  until 
movement   becomes   so  great   that   rebuilding   is   necessary. 

(c)  After  heavy  freshets  for  evidence  of  damage  to  superstructure 
by  drift  and  to  substructure  by  scour. 

(d)  By  Engineering  Department  whenever  a  structure  is  reported 
as  requiring  repairs  or  renewals. 

A  statement  of  the  practice  of  the  roads  replying  to  the  circular 
of  inquiry  follows. 

NO.    I— INSPECTION   BY   TRACKMEN. 

BOSTON  &  MAINE  RAILROAD: 

(Rules  for  Track  Foremen.)  "Rule  43. — They  will  examine  the  tii-'v 
bers  and  planking  in  overhead  highway  bridges,  and   repair  or  pr?-:v  :\y 
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report  any  defects  ;  they  will  also  watch  the  condition  of  bridges,  culverts 
and  trestles,  and  promptly  report  any  defects  to  the  Roadmaster  and  the 
Superintendent. 

"They  must  remove  from  the  vicinity  of  bridges  and  trestles  all 
combustible  matter,  such  as  chips,  bark,  dried  grass,  etc.,  and  promptlv 
extinguish  any  fires  which  occur.  They  must  keep  bridge  seats,  tops  ot 
piers,  and  bottom  chords  cleaned  from  cinders  and  dirt.  As  soon  as  the 
season  will  permit  in  the  spring  of  each  year,  and  until  cold  weather  sets 
in,  they  will  keep  barrels  at  timber  bridges  and  trestles  filled  with 
water. 

"They  must  make  daily  inspection  of  bridge  guards,  and  as  often  as 
once  a  month  measure  the  exact  height  of  every  telltale  from  the  top 
of  each  rail.  A  written  report  of  these  measurements  must  be  sent  to 
the  Roadmaster  at  once.  Whenever  any  part  of  a  telltale  is  broken  or  a 
pendant  missing  or  defective,  they  must  notify  the  Superintendent  by 
wire  and  the  Roadmaster  by  letter. 

"Rule  47.  Constant  care  must  be  used  to  see  that  all  waterways  are 
kept  free  from  obstructions." 

LAKE  SHORE  &  MICHIGAN  SOUTHERN  RAILWAY: 

"All  Roadmasters  must  be  thoroughly  familiar  with  every  bridge  and 
culvert  on  their  respective  divisions,  and,  about  the  first  of  each  month, 
they  must  personally  examine  each  of  these  structures  sufficiently  to 
know  all  their  defects,  which  must  be  reported  to  the  Assistant  Chief 
Engineer  on  their  regular  monthly  statement  of  inspection. 

"Section  Foremen  must  know  the  condition  of  bridges  and  culverts 
on  their  respective  sections,  by  frequent  personal  examination,  and  must 
report  any  defects  noted  to  the  Roadmaster,  who  in  turn  will  report  to 
the  Assistant  Chief  Engineer.  At  any  time,  if  a  bridge  or  culvert,  in  the 
judgment  of  the  Section  Foreman,  is  not  safe,  he  must- at  once  put  out 
the  proper  signals  to  warn  approaching  trains,  immediately  wire  the  Road- 
master of  the  condition  of  such  structure,  and  then  do  all  in  his  power 
toward  repairing  the  defect. 

"Section  Foremen  must  keep  openings  through  culverts  free  from 
brush,  driftwood,  etc.,  so  that  water  may  have  an  unobstructed  passage. 
The  ditches  leading  to  and  from  the  ends  of  such  structures  must  likewise 
be  kept  clear. 

"Spikes  must  not  be   driven  in  slots  of  angle  bars  on  bridges." 

NO.    2 — INSPECTION    BY    BRIDGEMEN    AND   ENGINEERS. 

ATCHISON,  TOPEKA  &  SANTA  PE  RAILWAY: 

Each  Division  has  an  inspector  reporting  weekly  to  the  General 
Foreman  of  Bridges  and  Buildings,  who  is  supposed  to  get  over  all  the 
bridges  at  least  once  a  month  and  over  all  metal  bridges  once  every  two 
months. 

The  Bridge  Engineer  or  an  assistant  accompanies  the  Division  Super- 
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intendents   on   annual    inspection   trips    and   also   goes   over   three   to   five 
divisions  each  year  with  the  General  Foreman  of  Bridges. 

Whenever  anything  is  found  amiss  on  any  metal  bridge,  other  than 
line  repairs,  the  Bridge  Engineer  is  notified,  who  then  has  an  examina- 
tion made  as  soon  as  possible  to  determine  what  repairs  are  needed. 

BANGOR  &  AROOSTOOK  RAILROAD: 

Field  inspection  is  done  at  irregular  intervals  by  the  Bridge  Engineer 
after  office  examination  of  plans  of  structures. 

BOSTON  &  MAINE  RAILROAD: 

The  Supervisor  of  Bridges  and  Buildings  of  each  Division  details  a 
man  from  his  force  to  make  periodical  inspections,  and  annual  inspections 
of  all  structures  on  the  system  are  made  by  inspectors  detailed  by  and 
reporting  to  the  Bridge  Engineer. 

CENTRAL  RAILROAD  OF  NEW  JERSEY: 

Semi-annual  inspections  are  made  by  inspectors  reporting  to  the 
Chief  Engineer.  They  are  accompanied  by  the  Engineers  of  Maintenance 
of  Way,  Master  Carpenters  and  Bridge  Foremen  of  the  different  divisions. 

Whenever  the  renewal  of  a  bridge  is  contemplated  or  any  especially 
unsafe  conditions  are  discovered,  special  inspections  are  made  by  the 
Bridge   Engineer. 

A  current  inspection  is  proposed,  with  daily  reports  to  the  Division 
Engineers  of  Maintenance  of  Way,  and  monthly  reports  by  them  to  the 
Chief  Engineer. 

CHICAGO,  BURLINGTON  &  QUINCY  RAILWAY: 

Semi-annual  inspections  are  made  personally  by  the  Bridge  Engineer 
of  all  truss  and  girder  bridges  over  22-ft.  span.  He  is  accompanied  by 
the  Division  Master  Carpenter  and  generally  by  the  Division  Superin- 
tendent, Division  Engineer  and  Engineer  of  Maintenance  of  Way  and 
the  Engineer  of  District.  Special  examination  is  made  also  by  the  Bridge 
Engineer  of  all  bridges  reported  as  requiring  renewal  which  seem  to 
call  for  a  heavy  expenditure. 

CHICAGO  &  NORTHWESTERN  RAILWAY: 
Annual  inspections  are  made : 
(i)     By  the  General  Foreman  of  Bridges. 

(2)  Each  autumn  by  Division  Engineers  and  the  Foreman  of 
Bridges  to  ascertain  work  for  the  following  season. 

(3)  By  inspectors  reporting  to  the  Bridge  Engineer. 

These  reports  are  used  as  checks  upon  the  recommendations  of 
division  officials. 

CINCINNATI,  NEW  ORLEANS  &  TEXAS  PACIFIC  RAILWAY: 

Monthly  inspections  are  made  by  the  Superintendent  of  Bridges  and 
Buildings  reporting  to  the  Chief  Engineer,  and  quarterly  inspections  are 
made  by  the  Chief  Engineer. 
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ILLINOIS  CENTRAL  RAILROAD: 

'  Annual  inspections  are  made  by  division  officers  and  also  by  in- 
spectors reporting  to  the  Engineer  of  Bridges  to  check  results  of  division 
officials. 

LAKE  SHORE  &  MICHIGAN  SOli'THERN  RAILWAY: 

Semi-annual  inspections  are  made  by  the  Bridge  Engineer  and  Super- 
visor of  Bridges  and  current  inspections  by  inspectors  reporting  to  the 
latter. 

LONG  ISLAND  RAILROAD: 

Monthly  inspections  are  made  by  Bridge  Foremen  and  inspectors* 
quarterly  inspections  are  made  by  the  ]\Iaster  Carpenter,  and  annual  in- 
spections early  in  the  autumn  by  the  Engineer  Maintenance  of  Way, 
Master  Carpenter,  Chief  Inspector  and  Foreman  of  Bridge  Carpenters 
as  a  basis  for  the  following  season's  work. 

MAINE  CENTRAL  RAILROAD: 

Monthly  by  members  of  bridge  crews  reporting  to  Superintendent 
Bridges  and  Buildings,  who  transmits  reports  to  Chief  Engineer. 

Annually  by  an  inspector  reporting  to  Bridge  Engineer. 

By  Bridge  Engineer  as  occasion  may  require. 

MICHIGAN  CENTRAL  RAILROAD: 
Annual  inspections  are  made : 
(i)     By  Division  Bridge  Foreman  early  in  spring. 

(2)  By  regular  Bridge  Inspectors  during  summer. 

(3)  By  Bridge  Engineer  accompanied  by  both  the  above  after  their 
previous  inspections  have  been  completed. 

MISSISSIPPI  RIVER  &  BONNE  TERRE  RAILWAY: 
Monthly  inspections  are  made  by  Bridge  Inspector. 

NEW  YORK  CENTRAL  &  HUDSON  RIVER  RAILROAD: 

Quarterly  inspections  are  made  by  Inspectors  and  annual  by  Super- 
visor of  Bridges  and  Division  Engineer. 

NEW  YORK,  ONTARIO  &  WESTERN  RAILWAY: 
Monthly  inspections  are  made  by  the  Bridge  Inspector. 

OREGON  R.  R.  &  NAVIGATION  COMPANY: 

Semi-annual  inspections  are  made  by  the  Bridge  Inspector. 

OREGON   SHORT   LINE: 

SOUTHERN  PACIFIC— LINES  EAST  OF  SPARKS: 

UNION  PACIFIC— LINES  WEST  OF  GREEN  RIVER: 

Annual  inspections  are  made  : 

(i)  By  Division  Superintendents  and  Division  Engineer  accompanied 
by  General  Foreman  of  Bridges  and  the  foremen  of  each  District. 

(2)     By  an  erection  gang  foreman,  -of  all  steel  structures  in  detail. 
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PENNSYLVANIA  LINES  WEST  OF  PITTSBURGH,  SOUTHWEST: 

Inspections  are  made  at  least  once  a  month  and  after  each  heavy  rain, 
and  by  the  Master  Carpenter  each  spring  and  autumn.  Also  by  Division 
Engineers  about  September  and  by  the  Bridge  Engineer  who  visits  all 
structures  noted  as  needing  repairs  or  renewal  by  the  Division  Engineer. 

PITTSBURG   &  LAKE  ERIE.  RAILROAD: 

Inspections  are  made  every  six  weeks  bj^  a  member  of  the  bridge 
gang,  who  transmits  reports  through  the  Foreman  to  the  Superintendent 
of  Bridges  and  Buildings. 

Annual  inspections  are  made  by  the  Chief  Engineer  and  his  staff. 

ST.   LOUIS   &   SAN  FRANCISCO   RAILROAD: 

Inspections  recommended  twice  a  year.  Reports  to  be  made  to  the 
Engineer  of  Maintenance  of  Way. 

SOUTHERN    PACIFIC    COMPANY: 

Inspections  are  made  quarterly  by  Bridge  Inspectors. 

TEXAS  MIDLAND  RAILROAD: 

Inspections  are  made  by  physical  tests,  measuring  deflections,  etc.. 
under  rolling  and  dead  loads,  semi-annually. 

UNION  PACIFIC  RAILROAD: 

Inspections  are  made  monthly  by  Bridge  Inspectors  and  annually  by 
the  Resident  Engineer,  Division  Engineer,  Supervisor  of  Bridges  and 
Buildings,  Bridge  Foreman  and  two  or  three  bridge  carpenters. 

INSPECTION    REPORTS. 

The  inspector  should  be  furnished  with  a  list  of  the  bridges  he  is  to 
inspect  and  suitable  blank  forms  for  the  purpose  of  making  a  record 
in  the  field  of  the  results  of  the  inspection  of  each  structure  on  the 
list. 

The  blanks  should  be  bound  in  book  form  and  be  of  a  size  thai: 
can  be  conveniently  carried  in  a  coat  pocket.  The  blank  forms  used  by 
the  Maine  Central  Railroad,  the  Oregon  Short  Line  Railroad,  the  Bos- 
ton &  Maine  Railroad,  and  the  Frisco  System  arc  submitted  as  being 
suitabk'   for   the  purpose. 

Instructions  to  inspectors  are  printed  as  fly  leaves  or  otherwise  in 
each  book  of  blanks.  Those  for  the  Oregon  Short  Line  are  very  full, 
covering  five  pages  and  for  the  Boston  &  Maine  a  single  page. 

The  Boston  &  Maine  blanks  have  perforations  in  the  leaves  and 
entries  are  made  practically  in  duplicate.  The  detaclied  sheets  are  sent 
to  the  ofiice  from  time  to  time,  and  the  record  on  the  stp.bs  is  kept  by 
the  inspector  for  reference  when  next  he  visits  the  bridge.     This  method 
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calls  the  attention  of  the  inspector  immediately  to  faults  that  may  have 
been  previously  discovered.  On  the  other  hand,  an  inspector  is  likely 
to  make  a  more  thorough  examination  if  he  has  no  notes  with  which 
to  refresh  his  memory  and  also  knows  that  there  is  a  complete  record 
of  a  previous  inspection  on  file  as  a  check  on  his  work. 

'I  he  books  of  the  Maine  Central, and  Oregon  Short  Line  are  sent  into 
the  office  when  filled. 

Many  of  the  blanks  submitted  seem  to  be  for  the  purpose  of  record- 
ing the  results  of  inspections  after  the  inspector's  return  to  headquarters. 
They  are  entirely  too  unwieldy  for  use  in  the  field;  ranging  from  8^xii}^ 
in.  to  18x28  in. 

The  advantage  of  a  form  similar  to  the  ones  submitted  is  that  the 
inspector  has  his  attention  called  to  all  of  the  various  parts  of  the 
structure  and  there  will  be  a  written  record  of  the  same  turned  in. 

The  list  of  bridges  is  in  the  nature  of  an  order  to  the  inspector  from 
his  superior  officer ;  it  may  be  typewritten  on  small  sheets  which  can  be 
bound  in  heavy  paper  covers  in  the  form  of  a  pocket  notebook.  Provision 
should  be  made,  either  by  printing  the  lists  on  the  left-hand  page  and 
leaving  the  right-hand  page  blank,  or  by  leaving  sufficient  space  between 
items,  for  a  chance  to  make  pencil  notes  for  the  purpose  of  instruct- 
ing the  inspector  to  obtain  any  special  data  required  or  to  call  his  atten- 
tion to  any   defects   in  a   structure   requiring  special   attention. 

These  lists  should  be  turned  in  with  the  inspection  reports  and  be 
revised  for  the  following  campaign  of  inspection  before  being  re-issued. 

An  abstract  from  the  field  report  should  be  entered  on  the  bridge 
records.  Convenient  sheets  or  cards  for  this  purpose  are  given  under 
the  heading  of  "records."  A  summary  of  the  salient  points  of  the  reports 
can  be  made,  if  desired,  at  the  time  they  are  vised  by  the  official  to  whom 
the  inspector  reports. 
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Date. 

3 

Divisiou. 

3 

Mile. 

4 

Name. 

5 

Span. 

« 

Ties. 

7 

Guards. 

« 

Stringrers. 

9 

Str.  C  onnectioiis. 

lO 

Floor  Beams. 

11 

Fl.  Bm. Connections 

13 

Girders 

13 

Top  C  herd 

14 

Bottom  Chord. 

15 

Ties  or  Rods. 

10 

I'osts. 

17 

Truss  .Joints. 

18 

Top  Bracing. 

19 

Bottom  Braciusr. 

30 

Sway  Bracing. 

31 

Wall  I'l,  or  Pedestal. 

33 

Expansion  Joint. 

33 

Bearings. 

34 

Masonry. 

25 

Caps. 

26 

Piles  or  Posts. 

37 

Sills. 

28 

Line. 

39 

Camber. 

30 

Paint. 

31 

Miscellaneous. 

33 

Recoiuinendations. 

33 

Inspector. 
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O.  S.  L.  R.  R 

From 

Report  By 

.   To  .. 



DIVISK 

ON 

On  Inspection  of  Bridges  No. 

I .    Class  of  Structure 

a.    Length 

3.     Openings  or  spans 

4.     Height  to  base  of  rail 

5.     Approaches 

6.    Ties 

7.     Rails 

8.     Spike 

9.     Guard  Rails 

10.    Stringers,  Attachments 

II.     Corbels 

12.     Caps,  Sills,  Timber  Walls 

13.     Posts  or  Piles 

14.     Sway  Braces 

15.     Waterway 

16.     Culvert  Pipe 

17.     Box  Culverts 

18.     Paving 

19.     Bench  and  End  Walls 

20.     Ring  or  Covering  Stone 

21.     Piers  and  Abutments 

22.     Pedestal  Blocks 

23.     Bed  Plates 

24.     Anchor  Bolts 

25.     Line  Camber 

26.     Tension  Members 

27.     Compression  Members 

28.     Floor  Beams,  Attachm'ts 

29.     Lateral  Connections 

30.     Hangers 

31.     Jwong  Suspenders 

32.     Loose  Pins  or  Nuts 

33.     Loose  Rivets 

34.     Drain  Holes 

35.     Vibration 

30.    xj-eriection 

37.     rainting 

38.     Wall  Plates 

39.     JtJolSters 

40.     Angle  Blocks 

41.     Bottom  unord  Joints 

42.     Cnord  Bolts 

43-     iJlamps  and  Packing 

:»4.     Gib  Plates 

45.     Lovering 

46.     Watfer  Barrels 

47.     Ladders. 
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No.  4. 

No.  5. 

No.  6. 

' 
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JVo. Diu. 190 

Masonry  ■. 

Piles,  horses  

Caps 

Bearings  

Wall  pis. - 

Ties,  plank  ^ Gds. 

Stringers '. 

Floor  bins.  

Fl.  bin.  hangers  

Trasses  

JVooden  arches 

Angle  blocks 

Lateral  braces 

Vertical  braces 

Screw  rods 

Chcls.  pulled ■ 

Roof 

Plate  girders '■ 

Rivets 

Rollers ■. 

Paint 

Line  of  trusses Camber 

Line  of  track Surface 

Miscellaneous  defects 


Inspector. 
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FRISCO  SYSTEM. 


Bridge  Number. 


Inspection  Report 190. . . 

. .   District  Division. 

West  of  (nearest  Station) 


.Condition. 


Line    

Camber    

Surface 

Paint    

Floor  (ties,  etc) 

Rollers  

Masonry    

Floor  beams    

Stringers   

Truss  Members  

Lateral  Bracing 

Rivets — floor  beam — stringer. 

Rivets — floor  beam — post 

Rivets — other  than  above 

General    
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RECORDS. 

'\[r.  A.  J.  Himes.  in  his  report  on  the  Classification  of  Existing 
Bridges,  shows  very  plainly  the  necessity  for  a  complete  record  of  the 
construction   of  any    structure   and   its    subsequent   history. 

The  record  to  be  complete  should  include : 

A  general  drawing  of  bridge  site  showing  alinement  of  tracks,  span 
lengths,  skew,  etc..  with'  all  necessary  profiles.  When  the  structure  is 
over  a  stream,  the  profile  of  the  river  bottom  should  be  revised  from  time 
to  time  to  show  the  amount  and  r^tti-  of  scour  and  condition  of  foun- 
dations. 

A  set  of  strain  sheets  and  detail  drawings  of  the  superstructure 
(preferably  the  tracings  of  the  shop  drawings). 

Detail  drawings  of  the  substructure  as  actually  built,  showing  all 
information  relating  to  the  foundations. 

Copies  of  all  specifications  and  contracts  relating  to  the  construction 
of  the   work. 

Copies  of  all  tests  of  materials  and  inspector's  reports  of  weights 
and  quantities. 

A  record  of  all  repairs,  repainting,  renewal  of  ties,  etc. 

Copies   of  the   annual    inspection    reports. 

All  of  the  above  data  are  more  or  less  useful  in  determining  the 
capacity  of  the  structure,  which  is  the  information  required  by  the 
operating  department. 

There  should  also  be  a  tabulated  statement  of  all  clearances  govern- 
ing traffic  through,  over  or  under  the  structure. 

Copies  of  all  documents  relating  to  the  work,  such  as  special  legis- 
lative acts,  licenses,  findings  and  awards  of  commissions,  agreements 
relating  to  sharing  cost  of  construction,  maintenance,  etc.,  should  be 
obtained. 

All  of  this  information  should  be  so  filed  and  indexed  as  to  be  readily 
accessible. 

For  ready  reference  in  the  office  it  is  advisable  to  make  a  digest  of 
the  information.  This  is  best  made  on  a  series  of  cards  or  loose  sheets, 
using  one  card  or  sheet  for  each  structure  and  in  some  cases  for  each 
span.  This  method  allows  the  greatest  freedom  in  making  changes  in 
the  records  on  account  of  renewals,  additions,  etc. 

The  information  given  on  the  sheets  should  include : 

(a)     Name  and  location  of  structure. 

''b)     Character  of  crossing. 

(c)  Span,  skew,  height  of  rail,  clearances,  high-water  mark,  number 
and  alinement  of  track. 

(d)  A    brief   description   of   super-    and    sub-structure. 

(e)  Specifications  under  which  structure   was  built. 

(f)  Quality  of  materials. 
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(g)     Date  of  building  and  name  of  builder. 

(h)     Details  of  timbering. 

Record  of  painting  and  repairs. 

Stresses  under  standard  loading  or  rated  capacity  of  bridge. 

Abstract  of  inspection  reports. 

A  complete  index  of  all  information  on  file  relating  to  the  structure. 

The  make-up  of  these  sheets  may  be  as  elaborate  or  simple  as  the 
user   desires. 

An  elaborately  gotten  up  sheet  will  show  at  a  glance  what  informa- 
tion is  lacking  after  all  available  data  relating  to  a  structure  have  been 
entered  thereon,  but  in  order  to  be  adaptable  to  a  great  variety  of 
structures  there  will  necessarily  be  a  great  many  headings  that  will  be 
but  rarely  used.  A  simply-designed  sheet  will  allow  of  more  elasticity 
in  the  keeping  of  the  records. 

Samples  of  the  record  sheets  and  cards  of  the  Bangor  &  Aroostook 
and  Maine  Central  Railroads  are  reproduced.  The  Maine  Central 
sheet  explains  itself.  Those  of  the  Bangor  &  Aroostook  are  printed 
on  cardboard  and  the  tabs  at  top  of  the  superstructure  sheets 
are  supposed  to  be  cut  oflf,  leaving  only  the  one  on  each  card  under 
which  the  bridge  in  question  naturally  falls.  These  tabs  then  assist  in 
classifying  the  cards  in  the  same  way  as  an  ordinary  card  index.  The 
substructure  cards  have  no  tabs,  as  they  all  come  in  one  class  and  arc 
arranged  numerically. 
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When   painted 


Strains    under 
standard   loads 


Index   of   all 
data  on  file 


Date 
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Number  or  Mileage. 

Name  and  Location  of  Structure.  Division. 

This   space    for    information   required   by   items   a — h   in- 
clusive. 


Abstract  of  inspection  reports  (generally  occupying  one 
line  only),  showing  also  name  of  inspector  and  book 
in  which  complete  report  can   be   found. 

Notes  of  repairs  entered  here  in  red  ink. 


Back   of   sheet   used   for   sketches   and    computations   of 
minor  structures  and  when  detail  plans  are  lacking. 


h'ilcd   consecutively  by   divisions   in   specially   made   can- 
vas   portfolios. 


This  same  style  of  sheet  used  for  all  types  of  structures 
both  over  and  under  the  track,  of  timber,  steel  or 
masonry,   and   has  been   very  satisfactory. 
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DISCUSSION. 

Mr.  J.  P.  Snow  (Boston  &  Maine)  : — Mr.  President  and  Gentlemen 
of  the  Association :  We  have  at  this  meeting  only  one  condusion  to  offer 
to  the  convention,  and  that  is  in  reference  to  the  question  which  was 
referred  to  the  Committee  at  the  last  annual  meeting  on  the  subject 
of  changing  the  desired  ultimate  strength  of  structural  steel  and  the 
limit  of  phosphorus  in  steel  castings.  It  was  asked  of  us  to  consider  the 
advisability  of  raising  the  ultimate  from  60,000  to  62,000  pounds,  and  to 
consider  also  the  reducing  of  the  limit  of  phosphorus  in  steel  castings  from 
.08  to  .06  per  cent. 

The  Committee  discussed  the  matter  pretty  thorough!}',  and  the  argu- 
ments pro  and  con  can  be  found  in  Bulletin  No.  80,  pages  13  and  follow- 
ing. It  is  unnecessary  for  me  to  go  over  that  here,  but  our  conclusion  is 
that  at  this  time  we  are  not  prepared  to  recommend  any  change  in  the 
specifications  as  printed. 

Another  question  which  the  meeting  last  year  referred  to  us  was 
the  subject  of  making  experiments  for  impact  in  existing  bridges.  On 
this  point  we  have  made  some  progress,  and  desire  to  report  that  we 
have  an  instrument  perfected  by  Prof.  Turneaure,  which  he  has  tried  and 
is  satisfied  will  do  the  work  satisfactorily.  The  question  of  funds,  which 
was  somewhat  talked  about  last  year  on  the  floor,  has  been  considered, 
and  it  has  been  decided  by  the  Board  of  Direction  that  it  is  not  feasible 
to  take  the  funds  from  the  treasury  of  the  Association.  Hence,  a  letter 
has  been  sent  out  recently  to  the  members,  asking  them  to  find  out  what 
their  various  railroads  or  other  organizations  would  be  willing  to  con- 
tribute towards  the  necessary  funds  for  one  season's  work ;  and  it  is 
hoped  that  the  responses  to  that  letter  will  be  heard  from  in  the  dis- 
cussion which  may  come  up.  The  instrument  I  speak  of  is  on  the  table 
here,  open  to  inspection,  and  if  anyone  desires  a  blueprint  of  it,  showing 
the  way  it  does  its  work  in  action,  it  will  be  sent  on  request. 

In  addition  to  these  points,  your  Committee  has  studied  the  ques- 
tion of  inspection  of  existing  bridges,  the  field  reports  of  the  same  and 
office  records;  also  the  subject  of  classification  of  existing  bridges  as 
to  their  safe  carrying  capacity.  On  these  two  points  we  are  not  ready 
to  make  any  report,  but  preliminary  studies  of  them  have  been  published 
in  Bulletins  80  and  81,  and  any  discussion  that  members  may  see  fit  to 
offer  on  them   will  be  very   acceptable   to   the   Committee. 

The  President: — Before  proceeding  more  definitely  to  the  question  of 
impact,  the  Committee  desires  to  know  whether  any  member  wishes  to 
discuss  any  features  of  past  reports  or  the. specifications.     You  will  note 
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on  page  5  that  the  Committee  says :  "'In  the  matter  of  change  in  specifi- 
cations as  above,  the  Committee  is  not  ready  at  this  time  to  recommend 
any  change."  Do  any  of  the  members  present  wish  to  take  up  the  ques- 
tion of  change?  If  not,  we  will  proceed  to  the  matter  of  impact.  As 
you  all  know,  a  circular  letter  was  sent  out  to  various  companies  under 
date  of  February  28th,  but  for  the  benefit  of  those  who  have  not  received 
a  copy  of  it,   the   chair   will   read  it : 

"It  will  be  remernbered  that  at  the  last  annual  meeting  a  strong 
desire  was  expressed  by  several  members  that  experiments  be  made  by 
the  Committee  on  Iron  and  Steel  Structures  to  determine  the  dynamic 
effect  of  moving  trains  on  bridges.  The  question  of  funds  for  doing  this 
was  discussed  informally  at  the  time,  and  has  since  been  seriously  con- 
sidered by  the  Board  of  Direction  and  by  the  Committee.  It  has  been 
decided  that  funds  for  this  purpose  cannot  be  appropriated  from  the 
treasury  of  the  Association. 

"The  Committee  reports  that  an  instrument  for  measuring  strains  has 
been  perfected  by  one  of  its  members,  Prof.  F.  E.  Turneaure,  and  that 
satisfactory  trial  experiments  have  been  made  with  it.  It  is  estimated 
that  $3,coo  to  $4,000  will  be  needed  for  a  season's  work — $1,000  for 
instruments    and    the   balance    for    skilled    observers. 

"It  is  thought  that  the  railroads  represented  in  the  Association  will 
gladly  contribute  the  necessary  funds  for  prosecuting  this  work,  and  the 
object  of  this  letter  is  to  ask  you  to  ascertain,  before  coming  to  the  annual 
meeting,  to  what  extent  your  railroad  or  organization  is  willing  to  assist, 
either  in  money  or  facilities  for  experimentation,  in  forwarding  the 
above  work  during  the  coming  year.  With  this  information  in  the  hands 
of  the  members,  the  subject  can  be  efficiently  discussed  in  the  convention, 
and   definite   results   reached." 

The  Board  of  Direction  does  not  expect  to  consider  any  offer  on  the 
part  of  any  member  present  on  behalf  of  their  roads  as  binding,  but  it  is 
simply  to  obtain  an  expression  of  opinion  .as  to  what  amount  of  funds  we 
can  expect,  and  whether  the  Committee  will  feel  justified  in  going  ahead 
and  examine  into  this  matter  further  and  perfecting  final  arrangements 
for  the  experiments.  If  there  are  any  of  the  members  present  who  are 
authorized  to  make  contributions,  or  who  feel  that  their  company  will 
contribute  toward  the  conduct  of  these  experiments,  we  will  be  very 
glad  to  have  them  rise  and  say  to  what  extent. 

Mr.  D.  W.  Lum  (Southern  Railway)  : — Our  company  received  a 
letter  from  the  Committee  on  this  subject,  and  I  am  authorized  to  say 
that  we  will  be  very  glad  to  share  in  any  expense  incurred  on  that  ac- 
count. It  is  a  very  important  subject,  and  every  road  having  a  bridge  is 
interested  in  it. 

Mr.  Snow: — The  Boston  &  Maine  has  agreed  to  contribute  to  the 
fund,  provided  other  railroads  do  the  same,  limiting  their  appropriation 
for  this  year  to  one  hundred  dollars. 
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Mr.  C.  D.  Purdon  (St.  Louis  &  San  Francisco)  : — Our  company  will 
contribute  one  hundred  dollars. 

Mr.  C.  H.  Cartlidge  (Chicago,  Burlington  &  Quincy)  : — Our  com- 
pany will  participate  with  other  roads — say  nine  other  roads — be  one 
of  ten  to  defray  the  expense  of  the  first  year's  investigation. 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — Our  road  will  agree 
to   bear  its   portion   of   the   expense   on   a   mileage   basis. 

Mr.  Lincoln  Bush  (Delaware,  Lackawanna  &  Western)  : — The  Lacka- 
wanna will  go  into  this  matter  on  a  mileage  basis. 

Mr.  John  S.  Peter  (San  Antonio  &  Aransas  Pass)  : — Our  company 
will  contribute  on  a  mileage  basis. 

Mr.  C.  F.  Loweth  (Chicago,  Milwaukee  &  St.  Paul)  : — Our  company 
will  contribute  the  necessary  assistance,  and  train  and  loaded  cars  for 
experiments  on  our  own  bridges,  and  in  addition  to  that  give  a  sum  not 
exceeding  five  hundred  dollars  to  insure  the  success  of  these  experiments. 

Mr.  J.  M.  Floesch  (Buflfalo,  Rochester  &  Pittsturg)  :— We  will  con- 
tribute our  share  of  the  expense  with  the  other  companies. 

,  The  President : — Communications  have  been  received  from  a  number 
of  roads,  among  them  being  one  from  the  Missouri  Pacific,  to  the  effect 
that  they  will  contribute  to  the  extent  of  two  hundred  dollars ;  one  from 
the  New  Orleans  &  Northeastern,  stating  they  would  contribute  toward 
the  fund,  provided  other  roads  in  the  Association  agree  to  do  likewise ; 
one  from  Mr.  Kruttschnitt,  stating  that  if  90  per  cent,  of  the  roads 
in  the  Association  will  contribute,  the  roads  he  represents  will  agree 
to  bear  their  share  on  a  mileage  basis ;  also,  from  Mr.  Churchill,  of  the 
Norfolk  &  Western,  agreeing  to  contribute  on  a  mileage  basis ;  one  from 
Mr.  Anthony,  Chief  Engineer  of  the  Montreal.  Quebec  &  Southern,  indi- 
cating a  willingness  to  contribute  on  any  reasonable  basis ;  the  Balti- 
more &  Ohio  will  also  share  in  the  expense  on  a  mileage  basis. 

The  chair  would  ask  Prof.  Turneaure  to  come  forward  and  describe 
his  instrument  for  measuring  impact. 

Prof.  F.  E.  Turneaure  (University  of  Wisconsin)  : — This  apparatus 
is  merely  an  autographic  extensometer  for  recording  the  deformation  of 
bridge  members.  The  deformation  is  multiplied  by  some  factor  like 
80  or  go,  and  recorded  on  a  moving  strip  of  paper.  The  recording  end 
of  the  apparatus  is  shown  here.  It  is  clamped  to  an  eye-bar,  or  angle,  or 
any  projecting  corner  of  a  member.  There  is  another  clamp  connected  to 
the  member  at  a  distance  of  three  or  four  feet,  or  longer  if  desired.  The 
two  are  then  connected  by  a  light  rod  by  means  of  a  universal  coupling. 
The  deformation  in  that  length  of  member  is  then  recorded.  In  the 
interior  of  the  apparatus  is  a  rod,  running  from  the  connecting  rod  to 
the  short  end  of  a  lever,  where  there  is  a  knife-edge  bearing.  The  long 
end  of  the  lever  carries  the  pencil.  This  lever  is  made  of  aluminum  so 
as  to  be  as  light  as  possible,  and  is  very  stijY.  Experience  with  a  similar 
apparatus   in   which   the   multiplication   is   much   larger   indicated   that   the 
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features  which  needed  special  attention  in  the  design  of  such  an  apparatus 
were :  not  too  great  muhiplication,  very  rigid  construction,  and  very  light 
parts,  so  that  the  inertia  of  the  moving  parts  would  be  as  small  as 
possible.  I  think  these  ends  have  been  accomplished  to  a  somewhat 
greater  degree  in  this  apparatus  than  in  the  Frankel  instrument,  where 
the  multiplication  is  something  like  140  or  150.  Some  tentative  experi- 
ments with  this  apparatus  indicate  it  will  do  better  work  on  short  mem- 
bers, where  the  stress  varies  very  rapidly.  It  has  been  tried  on  lo-foct 
I-beam  stringers  under  speeds  of  thirty  or  forty  miles  an  hour  with 
quite  satisfactory  results.  I  am  not  sure  that  it  would  give  such  results 
on  such  short  members  under  higher  speeds,  but  on  girders  and  members 
which  receive  their  maximum  load  for  a  movement  of  train  of  15  or  25 
feet  and  upward,  1  think  the  result  will  be  satisfactory. 

It  is  proposed  in  carrying  out  experiments  of  this  sort  to  have  eight, 
ten,  or  a  dozen,  such  instruments  attached  simultaneously  to  different 
parts  of  the  structure.  They  can  be  connected  up  electrically  so  that  the 
papers  can  be  started  in  motion  simultaneously.  An  experimental  train 
would  then  be  moved  across  the  bridge  at  different  rates  of  speed.  It  is 
not  proposed  to  make  calculations  of  what  the  stress  should  be,  but  to 
run  a  train  at  a  slow  speed — 10  or  15  miles  an  hour — and  let  that  stress 
represent  static  conditions.  Then,  as  the  speed  of  the  train  is  increased 
up  to  the  maximum,  a  comparison  of  the  diagrams  will  give  the  effect 
of  speed,  pure  and  simple. 

The  relation  between  the  measured  stress  and  the  calculated  strcs.s 
is  a  question  that  can  be  taken  up  independently  of  the  question  of  impact, 
but  the  question  of  impact  can  be  studied  very  rapidly,  provided  we  have 
an  experimental  train  to  be  run  over  the  bridge  at  any  desired  rate  of 
speed.  By  having  a  number  of  instruments  a  pretty  thorough  test  can 
be  made  on  an  ordinary  bridge  in  a  day's  work,  or  at  most  in  two  days. 
A  few  blueprints  of  the  results  of  the  tentative  experiments  have  been 
made  for  the  Committee.  More  prints  can  be  made  and  sent  to  any 
member  interested  in  the  results.  I  will  be  glad  to  answer  questions  or 
talk  to  any  member  after  adjournment. 

Mr.  Snow : — I  will  ask  if,  with  this  instrument,  you  can  investigate 
the  action  of  the  counterbalance  of  engine  drivers  on  the  rail.  The  usual 
method  of  counterbalancing  drivers  is  to  balance  the  reciprocating  parts 
of  the  coupled  wheels  as  a  whole ;  not  to  balance  the  parts  of  each  wheel 
separately.  At  high  speeds  this  condition  of  affairs  may  result  in  great 
inequality  of  bearing  of  individual  wheels.  I  wished  to  know  if  this 
instrument  could  be  used  to  detect  such  irregularities. 

Prof.  Turneaure : — It  might  detect  the  variation  in  effect  of  counter- 
balancing on  short-span  girders,  such  as  those  of  15  to  2S-foot  span 
length.  In  experiments  made  some  ten  or  twelve  years  ago  with  the 
Frankel  apparatus  it  was  thought  that  most  of  the  impact  effect,  or  a 
large  part  of  it  at  least,  was  due  to  the  fact  that  the  locomotive  wheels 
arc  not  exactly  counterbalanced,  so  far  as  the  rotative  effect  is  concerned. 
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One  of  the  very  important  points  to  determine  would  be  the  effect  of 
different  types  of  engines,  particularly  the  relative  effects  of  the  balanced 
compounds  and  the  ordinary  locomotive,  and  probably  the  effect  of  the 
electrical  locomotive  where  the  rotating  parts  are  more  perfectly  balanced. 

Mr.  Ewing: — I  ask  if  the  machine  will  also  record  the  effect  of 
M.C.B.  flat  spots  of  wheels  on  stfuctures.  That  is  being  brought  to 
our  attention  more  than  anything  else  at  this  time,  so  far  as  damage 
to  rails  is  concerned.  The  M.C.B.  people  have  allowed  their  specifica- 
tions of  2.5-in.  flat  spot  to  remain  for  years,  notwithstanding  the  fact 
we  have  increased  the  capacity  of  cars  to  a  verj-  great  extent,  and  the 
effect  on  rail  and  structures  is  something  we  should  determine,  if  possible. 

Prof.  Turneaure : — That  could  be  determined  by  having  experi- 
mental trains  and  cars  with  wheels  having  flat  spots.  In  the  work  that  I 
referred  to  a  moment  ago  we  found  that  very  heavy  vibrations  were 
caused  in  bridges  of  150- foot  spans  in  the  case  of  certain  freight  trains, 
under  the  cars  as  well  as  under  the  locomotives.  Moving  freight  cars, 
if  of  certain  length  compared  to  stringer  length,  etc.,  were  found  to  set 
up  vibration  where  the  speed  was  just  right.  That  might  have  been  due 
partly  to  flat  wheels.  We  never  found  any  serious  vibrations  under  pas- 
senger cars,  but  did  find  very  heavy  vibration  under  freight  cars.  Any- 
thing that  causes  a  modification  of  the  impact,  whether  it  is  the  ballasted 
floor  or  the  steel  floor,  or  in  the  details  of  the  truss  itself,  or  in  the 
locomotive,  or  in  the  cars — anything,  in  fact,  that  affects  the  relation  of 
static  stress  to  dynamic  effect  is,  of  course,  all  combined  in  these  results, 
and  they  can  be  thoroughly  studied  only  by  varying  one  of  these  elements 
at  a  time. 

The  President : — The  chair  desires  to  say  that  further  action  on  the 
report  will  be  taken  by  the  Board  of  Direction,  either  through  a  special 
committee  or  in  co-operation  with  the  Committee  on  Iron  and  Steel 
Structures,  and  the  Board  will  endeavor  to  bring  the  matter  to  a  culmina- 
tion during  the  year,  or  early  in  the  season,  if  possible,  so  that  the  experi- 
ments may  be  made  this  year,  or  at  least  started  this  year.  Any  definite 
results  that  are  obtained  will  be  announced  in  the  Bulletin. 

Mr.  J.  W.  ScH.^UB  (Consulting  Engineer — by  letter:) — Regarding 
the  General  Specifications  for  Steel  Railroad  Bridges,  adopted  March, 
1906,  the  writer  desires  to  call  attention  to  the  subject  of  reaming. 
Clause  115  makes  no  provision  for  the  amount  of  clearance  between 
the  punch  and  die  for  material  which  is  over  ^-inch  thick,  and  which 
is  subsequently  to  be  reamed.  This  permits  the  clearance  to  be  increased 
as  the  thickness  of  the  material  increases,  which  is  proper. 

However,  clause  117  says,  where  reaming  is  required,  the  punch 
used  shall  have  a  diameter  not  less  than  3-16  in.  smaller  than  the 
nominal  diameter  of  the  rivet,  and  the  holes  shall  then  be  reamed  to  a 
diameter  not  more  than  1-16  in.  larger  than  the  nominal  diameter  of 
the  rivet. 

It  appears  to  the  writer  that  this  specification  would  permit  a  clear- 
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ance  between  the  punch  and  the  die  so  great  as  to  avoid  reaming  the 
die  side  of  the  metal  at  all,  even  when  the  hole  is  absolutely  con- 
centric. For  example,  assuming  for  i-in.  metal,  the  clearance  to  be 
J4-in.  for  ^-in.  rivets  the  punch  can  be  Ii-i6-in.  diameter  when  the 
die  would  be  15-16-in.  diameter,  so  that  any  subsequent  reaming  would 
not  remove  any  metal  from  the  die  side  of  the  hole.  Clause  117  should 
read :  "Where  reaming  is  required  the  diameter  of  the  die  used  shall  be 
3-16-in.  smaller  than  the  nominal  diameter  of  the  drill  used  in  reaming 
the  hole,"  otherwise  the  object  of  this  requirement   is   entirely  defeated. 


REPORT  OF  COMMITTEIi!  NO.  VII— ON  WOODEN 
BRIDGES  AND  TRESTLES. 

To  the  Members  of  the  American  Railii.'ay  Engineering  and  Maintenance 
of  Way  Association: 
The    final    instructions    of    the    Board    of    Direction     regarding    the 
work    for    the    year    contained    the    following    outline : 

(i)  Review  and  prepare  specifications  for  workmanship 
for  pile  and  timber  trestles  to  be  built  by  contrnct. 

(2)  Co-operate  with  the  Committee  on  Structural  Mate- 
rials of  the  American  Society  for  Testing  Materials,  with  a 
view,  if  possible,  to  the  preparation  of  a  joint  specification  for 
structural    timber. 

(3)  Continue  the  compilation  of  data  upon  the  cost  of 
construction,  maintenance  and  life  of  ballast-floor  trestles  of 
the  different  types  now  in  use,  with  designs  explanatory  of  the 
types    considered. 

(4)  Extend  list  of  recommended  safe  unit  stresses  for 
timber,   if  considered   desirable. 

(5)  Report  on  classification  of  the  Washington  or  North- 
west timbers  and  recommend  standard  names  for  the  principal 
varieties    in    use    for    railroad    structural    work. 

After  preliminary  correspondence,  the  following  sub-committees  were 
appointed,  their  numbers  corresponding  to  those  in  the  preceding  out- 
line  of   work : 

(i)     Wm.  Michel,  Chairman;   Hans  Ibsen,  R.  D.  Coombs. 

(2)  A.   L.    Bowman,   Chairman  :    H.    S.   Jacoby,   James   Keys,   D.    B. 

Dunn,  W.  F.  Steffens. 

(3)  I.  O.  Walker,  Chairman;  F.  H.  Bainbridge,  H.  G.  Fleming. 

(4)  H.   S.  Jacoby. 

(5)  James  Keys,  Chairman;  F.  T.  Darrow.  F.  H.  Bainbridge. 

The  sub-committees  found  that  their  work  could  be  done  advan- 
tageously by  correspondence,  and  hence  -no  general  meeting  of  the 
Committee    was    held    before    December    29,    1906,    the  date    when    this 
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report  was  forwarded  to  the  Secretary  of  the  Association  for  publica- 
tion  in   the    Bulletin. 

"Specifications  for  Workmanship  for  Pile  and  Frame  Trestles"  were 
included  in  the  report  of  the  Committee  in  1905  (see  Proceedings,  Vol. 
6,  page  34),  with  a  recommendation  for  their  adoption,  but  after  an 
extended  discussion  on  .other  parts  of  the  report  at  the  convention,  they 
were  withdrawn  by  the   Conmiittee. 

During  the  following  year  they  were  revised,  and  resubmitted  in 
1906,  under  the  title  of  "Recommended  Specifications  for  Workmanship 
for  Pile  and  Timber  Trestles  to  be  Built  under  Contract"  (see  Pro- 
ceedings, Vol.  7,  page  689).  Upon  the  objection  being  raised  that  the 
specifications  included  details  of  design  as  well  as  the  quality  of  work- 
manship, they  were  referred  back  to  the  Committee  for  further  con- 
sideration   with   regard    to    workmanship    only. 

The  specifications  have  been  revised  in  accordance  with  these  in- 
structions,  and   are   hereby   submitted   for   approval. 

After  a  careful  consideration  of  item  2,  in  the  outline  of  work, 
and  in  view  of  the  large  number  of  specifications  for  structural  timber 
in  use  by  railroads  and  lumber  associations,  in  which  the  common 
name  of  some  timber  is  applied  in  different  parts  of  the  country  to 
different  species,  and  different  terms  are  used  to  define  practically  the 
same  kind  of  defect,  it  was  concluded  to  limit  this  part  of  the  work 
of  the  Committee  for  the  current  year  to  listing  the  kinds  of  timber 
in  common  use  by  the  engineering  departments  of  the  railroads  and 
defining  their  principal  defects.  This  preliminary  work  is  essential  to 
the  preparation  of  a  joint  specification  for  timber  used  for  structural 
purposes. 

The  sub-committee  wrote  to  138  officials,  representing  108  railroads, 
practically  covering  North  America,  and  asked  for  information  relating 
to  the   following   items : 

(a)  Give    a    list    of   different    kinds    of    timber    in    common    use    on 

your  road,  classified  under  the  following  headings:  (i) 
Bridges  and  trestles;  (2)  shops,  sheds  and  buildings;  (3) 
coal  piers  and  coal  pockets ;  (4)  car  floats,  pontoons,  ferry 
racks,   etc.;    (5)    docks,   piers,   wharves,   bulkheads,    etc. 

(b)  Give  a  list  of  physical   defects  peculiar   to   each   of   the   above 

kinds  of  timber  and  your  definition  of  each  defect  as  to 
character,  size,  or  position  that  determines  the  acceptance 
or  rejection  of  the  timber. 
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(c)  Send  a    copy  of  the   timber   specifications   used   on    your    road. 

(d)  Give  your   opinion    whether    any   revision    is    necessary    of   the 

Specifications    for    Bridge    and    Trestle    Timber    and    Piling 
approved  at  the  seventh  convention    (March,   1906). 

In  addition  to  the  38  replies  received,  the  sub-committee  examined 
a  large  number  of  specifications  of  other  railroads,  of  the  United  States 
government,  prominent  municipalities  and  lumber  associations. 

The  result  of  this  examination  shows  that  the  kinds  of  timber  used 
in  large  quantities  by  the  railroads  for  structural  purposes  are  those 
included,  with  the  exception  of  oak,  in  the  1906  report  of  Committee  Q 
on  Standard  Specifications  for  the  Grading  of  Structural  Timbers  of  the 
American  Society  for  Testing  Materials. 

It  is  also  found  that  the  definitions  of  standard  defects  contained 
in  that  report  relate  to  those  commonly  named  in  the  timber  specifications 
of  the  railroads.  These  definitions  are  therefore  submitted  for  adoption. 
The  illustrations  were  prepared  from  photographs  kindly  furnished  by 
Dr.  Hermann  Von  Schrenk,  the  Chairman  of  Committee  Q  referred  to 
above. 

Only  26  replies  were  received  in  answer  to  request  (d)  of  the  sub- 
committee. Of  these  5  had  not  read  the  specifications,  14  had  no  altera- 
tions to  recommend,  i  thought  the  specifications  too  liberal,  4  would 
condense  and  make  other  changes,  while  2  thought  it  would  be  difficult 
to  buy  under  these  specifications  and  that  they  were  not  applicable  to 
their  section  of  the  country.  It  was  hence  decided  not  to  propose  this 
year  any  material  changes  in  the  specifications  that  were  adopted  as 
recommended  practice  at  the  last  convention.  See  Proceedings,  Vol.  7 
(1906),  pp.  685-688,  and  Supplement  to  Manual  of  Recommended  Prac- 
tice in  Bulletin  No.  79  (September,  1906),  pp.  29-32.  A  few  minor 
modifications  or  corrections  may  be  recommended  in  a  later  report. 

The  compilation  of  data  and  designs  for  ballast-floor  trestles  is 
being  continued  by  the  sub-committee,  and  it  is  expected  to  submit  this 
material  later  for  publication  in  the  Bulletin. 

On  account  of  the  other  work  of  the  Committee  on  a  standard 
nomenclature  for  structural  timbers  and  on  the  definitions  of  standard 
defects  it  was  deemed  inadvisable  to  extend  the  small  list  of  recom- 
mended safe  unit  stresses  adopted  at  the  last  convention  (see  Proceed- 
ings, Vol.  7.  page  694,  and  Supplement  to  Manual  of  Recommended 
Practice  in  Bulletin  No.  79,  page  34),  until  the  Association  had  acted 
upon  the  nomenclature  and  the  definitions  of  defects. 
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To  facilitate  the  subsequent  work  of  the  Committee  relating  to  safe 
unit  stresses  and  for  the  general  information  of  the  members  of  the 
Association,  a  list  of  references  to  engineering  literature  on  experimental 
tests  of  American  structural  timber  has  been  prepared  and  is  submitted 
herewith.  The  references  are  so  arranged  that  it  may  be  seen  what  data 
were  considered  by  the  Committee  of  the  Association  of  Railway  Super- 
intendents of  Bridges  and  Buildings  in  the  preparation  of  the  table  of 
recommended  safe  unit  stresses  which  was  adopted  by  that  Association 
in   October,    1895,   and   what   tests   have   been   published   since   that   time. 

The  classification  and  standard  names  of  item  5  in  the  outline  of 
work  had  been  made  one  of  the  subjects  in  the  report  of  Committee  Q 
of  the  American  Society  for  Testing  Materials,  referred  to  above.  The 
sub-committee  therefore  reviewed  this  report  and  made  it  the  basis  of 
an  independent  investigation  carried  on  by  correspondence  with  expert 
timber  inspectors,  prominent  lumbermen,  secretaries  of  Lumber  Manu- 
facturers' Associations,  engineers  and  specialists  connected  with  the 
United  States  Forest  Service.  As  a  result  no  reason  was  found  for 
making  any  change  except  in  the  subdivision  of  Southern  yellow  pine. 
Since  the  classification  used  as  a  basis  for  this  work  covered  other  railroad 
structural  timbers  than  those  of  the  Northwest,  the  classification  sub- 
mitted herewith  was  similarly  extended,  but  with  the  further  addition 
of  oak. 

CONCLUSIONS. 

Your  Committee  recommends  the  adoption  of  the  following  con- 
clusions : 

(i)  That  the  Specifications  for  Workmanship  for  Pile  and  Frame 
Trestles  to  be  built  under  contract  be  approved  as  good  practice. 

(2)  That  the  Definitions  of  Standard  Defects  of  Structural  Timber 
be  approved. 

(3)  That  the  Standard  Names  for  Structural  Timber  be  approved. 

Respectfully  submitted, 

Henry   S.  Jacoby,   Professor  of  Bridge  Engineering,  Cornell  University, 

Ithaca,  N.  Y.,  Chairman. 
James    Keys,    Bridge    Engineer,    Union    Pacific    Railroad,    Omaha,    Neb., 

Vice-Clwirmaji. 
F.    H.    Bainbridge,    Engineer,    Pierre    &    Fort    Pierre    Bridge    Railway, 

Pierre,  S.  D. 
A.  L.  Bowman,  Consulting  Engineer,  New  York,  N.  Y. 
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R.    D.    Coombs,    Structural    Engineer,    Pennsylvania    Tunnel    &    Terminal 

Railroad,  New  York. 
F.  T.  Darrow,  Engineer  Nebraska  District,  Chicago,  Burlington  &  Quincy 

Railroad,  Lincoln,  Neb. 
D.    B.    Dunn,    Chief    Engineer,    Macon,    Dublin    &    Savannah    Railroad, 

Macon,  Ga. 
H.   G.   Fleming,   President  and   Chief  Engineer,  Union  Belt   Railway  of 

Memphis,  Memphis,  Tenn. 
Hans  Ibsen,  Bridge  Engineer,  Michigan  Central  Railroad,  Detroit,  Mich. 
Wm.   Michel,   Engineer  Maintenance  of  Way,  Hocking  Valley  Railway, 

Columbus,  O. 
W.  F.  Steffens,   Engineer    Bridges    and    Buildings,    South    &    Western 

Railroad,  Bristol,  Va.-Tenn. 
I.  O.  Walker,  Assistant  Engineer,  Nashville,  Chattanooga  and  St.  Louis 

Railway,  Paducah,  Ky. 


Committee. 


AMENDMENTS. 


Amendments  to  "Specifications  for  Workmanship  for  Pile  and 
Frame  Trestles   to   Be  Built  under  Contract"  : 

5.  Holes  must  be  bored  'for  all  bolts.  The  depth  of  the  hole 
and  the  diameter  of  the  auger  to  be   as   specified  by  the  engineer. 

12.  All  piles  shall  be  carefully  selected  to  suit  the  place  and  ground 
where  they  are  to  be  driven.  When  required  by  the  engineer,  pile  butts 
shall  be  handed  with  iron  or  steel  for  driving,  and  the  tips  with  suit- 
able iron  or  steel  shoes :  such  shoes  will  be  furnished  by  the  Railroad 
Company. 

23.  Stringers  shall  be  sized  to  a  uniform  height  at  supports.  The 
edges  with  most  sap  shall  be  placed  downward. 

25.  Ties  shall  be  framed  to  a  uniform  thickness  over  bearings, 
and  shall  be  placed  with  the  rough  side  upward.  They  shall  be 
spaced  regularh',  cut  to  even  length  and  line,  as  called  for  on  the 
plans. 

26.  Timber  guard  rails  shall  be  framed  as  called  for  on  the  plans, 
laid  to  line  and  to  a  uniform  top  surface.  They  shall  be  firmly  fastened 
to   the   ties   as   required. 

Amendments  to  Standard  Names  for  Structural  Timbers: 
Amend  paragraph  10  to  read  r  "Western  Pine  to  cover  the  timber 
sold  as  white  pine  coming  from  Arizona,  California,  New  Mexico,  Col- 
orado, Oregon  and  Washington.  This  is  the  timber  sometimes  known 
as  'Western  Yellow  Pine,'  or  'Ponderosa  Pine,'  or  'California  White 
Pine.' " 


SPECIFICATIONS     FOR      WORKMANSHIP     FOR     PILE     AND 
FRAME    TRESTLES    TO    BE    BUILT    UNDER    CONTRACT. 


SITE. 


I.     The   trestle   to   be   built   under   these    specifications    is    located  on 

the    line    of ". Railroad,    at , 

County  of ,   State  of 


GENERAL    DESCRIPTION. 

2.  The    work    to    be    done    under    these    specifications    covers    the 

driving,    framing,   and   erection   of   a track   wooden   trestle 

about feet   long  and   an   average   of feet   high. 

GENERAL   CLAUSES. 

3.  The  contractor  is  to  furnish  all  necessary  labor,  tools,  machinery, 
supplies,  temporary  staging  and  outfit  required.  He  is  to  build  the 
complete  trestle  ready  for  the  track  rails,  in  a  workmanlike  manner,  in 
strict  accordance  with  the  plans  and  the  true  intent  of  these  specifica- 
tions, to  the  satisfaction  and  acceptance  of  the  engineer  of  the  Railroad 
Company. 

4.  The  workmanship  is  to  be  of  the  best  quality  in  each  class  of 
work.  All  details,  fastenings  and  connections  are  to  be  of  the  best 
method  of  construction  in  general  use  on  first-class  work. 

*5.  Holes  must  be  bored  for  all  spikes  and  drift  bolts.  The  depth 
of  the  hole  and  the  diameter  of  the  auger  to  be  as  specified  by  the 
engineer. 

6.  All  framing  shall  be  accurately  fitted ;  no  blocking  or  shimming 
will  be  allowed  in  making  joints.  All  timbers  must  be  cut  off  with 
the  saw;  no  axe  to  be  used. 

7.  All  joints  and  points  of  bearing  for  which  no  fastening  is  shown 
on  the  plans,  shall  be  fastened  as  specified  by  the  engineer. 

8.  The  engineer  or  his  authorized  agents  shall  have  full  power  to 
cause  any  inferior  work  to  be  condemned,  and  taken  down  or  altered, 
at  the  expense  of  the  contractor.  Any  material  destroyed  by  the  con- 
tractor on  account  of  inferior  workmanship  or  carelessness  of  his  men 
is  to  be  replaced  by  the  contractor  at  his  own  expense. 


*Sce  .nmonilment,  page  397. 
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9.  Figures  shown  on  the  plans  are  to  govern  in  preference  to  scale 
measurements ;  if  any  discrepancies  should  arise  or  irregularities  be  dis- 
covered in  the  plans,  the  contractor  shall  call  on  the  engineer  for  instruc- 
tions. These  specifications  and  the  plans  are  intended  to  co-operate,  and 
if  any  question  arises  as  to  the  proper  interpretation  of  the  plans  or 
specifications,  it  shall  be  referred  to  ^he  engineer  for  a  ruling. 

10.  The  contractor  shall,  when  required  by  the  engineer,  furnish 
a  satisfactory  watchman  to  guard  the  work. 

11.  On  the  completion  of  the  work  all  refuse  material  and  rubbish 
that  may  have  accumulated  on  top  or  under  and  near  the  trestle,  by 
reason  of  its  construction,  shall  be  removed  by  the  contractor. 

DETAIL    SPECIFICATIONS. 

*I2.     All  piles  shall  be  carefully  selected  to  suit  the  place  and  ground       piles. 
where  they  are  to  be  driven.     When  required  by  the  engineer,  pile  butts 
shall  be  banded  with  iron  or  steel  for  driving,  and  the  tips  with  suitable 
iron  or  steel  shoes ;  such  rings  and  shoes  will  be  furnished  by  the  Rail- 
road Company. 

13.  All  piles  are  to  be  driven  to  a  firm  bearing,  satisfactory  to  the 
engineer,  or  until  five  blows  of  a  hammer  weighing  3,000  pounds,  falling 
15  feet  (or  a  hammer  and  fall  producing  the  same  mechanical  effect),  are 
required  to  cause  an  average  penetration  of  one-half  (14)  inch  per  blow, 
except  in  soft  bottom,  when  special  instructions  will  be  given. 

14.  Batter  piles  shall  be  driven  to  the  inclination  shown  by  the 
plans,  and  shall  require  but  slight  bending  before  framing. 

15.  The  butts  of  all  piles  in  a  bent  are  to  be  sawed  off  to  one 
plane  and  trimmed  so  as  not  to  leave  any  horizontal  projection  outside 
of  the  cap. 

16.  Piles  injured  in  driving,  or  driven  out  of  place,  shall  either  be 
pulled  out  or  cut  off,  and  replaced  by  new  piles. 

17.  Caps  shall  be  sized  over  the  piles  or  posts  to  a  uniform  thickness       Caps, 
and   even  bearing  on  piles  or  posts.     The   side  with  most   sap   shall  be 
placed  downward. 

18.  Posts  shall  be  sawed  to  proper  length  for  their  position   (vertical       Posts, 
or  batter),  and  to  an  even  bearing  on  cap  and  sill. 

19.  Sills  shall  be  sized  at  the  bearing  of  posts  to  one  plane.  ^i''^- 

20.  All  sway  bracing  shall  be  properly  framed  and  securely  fastened       Sway 

Braces. 

to  piles  or  posts.     When   necessary   for  pile  bents,  filling  pieces   shall  be 


*See  amendment,  page  397. 
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used  between  the  braces  and  the  piles  on  account  of  the  variation  in 
size  of  piles,  and  securely  fastened  and  faced  to  obtain  a  bearing  against 
all  piles. 

21.  Longitudinal  X-braces  shall  be  properly  framed  and  securely 
fastened  to  piles  or  posts. 

22.  Girts  shall  be  properly  framed  and  securely  fastened  to  caps, 
sub-sills,  posts  or  piles,  as  the  plans  may  require. 

*2;i.  Stringers  shall  be  sized  to  a  uniform  height.  They  shall  be 
laid  with  alternating  joints,  '  provided  the  plans  indicate  a  length  to 
extend  over  two  panels.  If  required,  the  stringers  under  each  rail  shall 
be  provided  with  packing  spools  or  separators,  and  be  bolted  together. 
The  edges  with  most  sap  shall  be  placed  downward. 

24.  Jack  stringers,  if  required  on  the  plans,  shall  be  neatly  framed 
on  caps,  and  their  tops  shall  be  in  the  same  plane  as  the  track  stringers. 

*25.  Ties  shall  be  surfaced  to  a  uniform  thickness  and  shall  be  placed 
with  the  rough  side  upward.  They  shall  be  spaced  regularly,  cut  to  even 
length  and  line,  as  called  for  on  the  plans. 

*26.  Guard  rails  shall  be  framed  as  called  for  on  the  plans,  laid 
to  line  and  to  a  uniform  top  surface,  and  spliced  at  each  joint  by  a  half 
and  half  splice  over  a  tie.  They  shall  be  firmly  fastened  to  the  ties  as 
required. 

27.  Bulkheads  shall  be  of  sufficient  dimensions  to  keep  the  embank- 
ment clear  of  the  caps,  stringers  and  ties,  at  the  end  bents  of  the  trestle. 
There  shall  be  a  space  of  not  less  than  two  (2)  inches  between  the 
back  of  the  end  bent  and  the  face  of  the  bulkhead.  The  projecting  ends 
of  the  bulkhead  shall  be  sawed  off  to  conform  with  the  slope  of  the 
embankment,  unless  otherwise  specified. 

28.  The  work  is  to  be  completed  in  all  its  parts  on  or  before 
A.  D.  19 

29.  Payments  will  be  made  under  the  usual  regulations  of  the  Rail- 
road Company. 


*See  amendment,  page  397. 


STANDARD   DEFECTS   OF  STRUCTURAL  TIMBER. 

The  standard  defects  included  ^in  the  following  list  are  mostly  such 
as  may  be  termed  natural  defects,  as  distinguished  from  defects  of  manu- 
facture. The  latter  have  usually  been  omitted,  because  the  defects  of 
manufacture  are  of  very  minor  significance  in  the  grading  of  structural 
timber: 

1.  Sound  Knot. — A  sound  knot  is  one  which  is  solid  across  its  face 
and  is  as  hard  as  the  wood  surrounding  it.  It  may  be  either  red  or 
black,  and  is  so  fixed  by  growth  or  position  that  it  will  retain  its  place 
in  the  piece. 

2.  Loose  Knot. — A  loose  knot  is  one  not  firmly  held  in  place  by 
growth  or  position.     (See  Fig.  i.) 

3.  Pith  Knot. — A  pith  knot  is  a  sound  knot  with  a  pith  hole  not 
more  than  ^4  i"-  in  diameter*  in  the  center.     (See  Fig.  2.) 

4.  Encased  Knot. — An  encased  knot  is  one  which  is  surrounded 
wholly  or  in  part  by  bark  or  pitch.  Where  the  encasement  is  less  than 
'/g  of  an  inch  in  width  on  each  side,  nor  exceeding  one-half  the  circum- 
ference of  the  knot,  it  shall  be  considered  a  sound  knot.     (See  Fig.  3.) 

5.  Rotten  Knot. — A  rotten  knot  is  one  not  as  hard  as  the  wood  sur- 
roimding  it.     (See  Fig.  4.) 

6.  Pin  Knot. — A  pin  knot  is  a  sound  knot  not  over  ^  in.  in  diam- 
eter.    (See  Fig.  5.) 

7.  Standard  Knot. — A  standard  knot  is  a  sound  knot  not  over  i^ 
in.  in  diameter.      (See  Fig.  6.) 

8.  Large  Knot. — .\  large  knot  is  a  sound  knot,  more  than  1V2  in. 
in  diameter.     (See  Fig.  7.) 

9.  Round  Knot. — A  round  knot  is  one  which  is  oval  or  circular  in 
form. 

10.  Spike  Knot. — A  spike  knot  is  one  sawn  in  a  lengthwise  direction. 
The  mean  or  average  diameter  shall  be  taken  as  the  size  of  these  knots. 
(See  Fig.  8.) 

11.  Pitch  Pockets. — Pitch  pockets  are  openings  between  the  grain 
of  the  wood,  containing  more  or  less  pitch  or  bark.  These  shall  be 
classified  as  small,  standard  and  large  pitch  pockets. 


♦Measurements   which   refer   to   the   diameter  of  knots  or   holes  shall  be 
considered  as  the  mean  or  average  diameter,  in  all  cases. 
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(a)  Small  Pitch  Pocket. — A  small  pitch  pocket  is  one  not  over 
ys  of  an*  inch  wide.     (See  Fig.  9.) 

(b)  Standard  Pitch  Pocket. — A  standard  pitch  pocket  is  one  not 
over  -J^  of  an  inch  wide  nor  over.  3  in.  in  length. 

(c)  Large  Pitch  Pocket. — A  large  pitch  pocket  is  one  over  ^  of 
an  inch  wide,  or  over  3  in.  in  length. 

12.  Pitch  Streak. — A  pitch  streak  is  a  well-defined  accumulation  of 
pitch  at  one  point  in  the  piece.  When  not  sufficient  to  develop  a  well- 
defined  streak,  or  where  the  fiber  between  grains,  that  is,  the  coarse 
grained  fiber,  usually  termed  "spring  wood,"  is  not  saturated  with  pitch, 
it  shall  not  be  considered  a  defect.     (See  Fig.  10.) 

13.  Wane. — Wane  is  bark,  or  the  lack  of  wood  from  any  cause,  on 
edges  of  timbers. 

14.  Shakes. — Shakes  are  splits  or  checks  in  tim1)ers  which  usually 
cause  a  separation  of  the  wood  between  annual  rings. 

15.  Rot,  Dote  and  Red  Heart. — Any  form  of  decay  which  may  be 
evident  either  as  a  dark  red  discoloration  not  found  in  the  sound  wood, 
or  the  presence  of  white  or  red  rotten  spots,  shall  be  considered  as  a 
defect. 
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Fig.  I. — Loose  Knot. 


Fig.  2. — i^iTH'  Knot. 
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Fig.  3. — Encased  Knot. 


Fig.  4.— Rotten  Knot. 
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Fig.  5. — Pin  Knot. 


Fig.  6. — Standard.  Knot. 
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'>c.  7. — Large  Kiniu. 


iio.  b. — Spike  Knui. 
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Fig.  9. — Sm.\i,l  Pitch  Pocket. 


Fig.  10. — Pitch  Stre-ak. 


STANDARD   NAMES  FOR  STRUCTURAL  TIMBERS. 

1.  Southern  Yellow  Pine. — Under  this  heading  three  classes  of 
timber  are  used   (a)    longleaf  pine,    (b)    shortleaf  pine,    (c)    loblolly  pine. 

(Note. — The  Committee  of  the  American  Society  for  Testing  Ma- 
terials divides  Southern  Yellow  Pine  into  classes  (a)  and  (b)  only,  and 
its  classification  is  intended  to  be  descriptive  of  quality,  rather  than 
of  botanical  species.  Thus,  shortleaf  pine  would  cover  such  species  as 
are  now  known  as  North  Carolina  pine,  loblolly  pme  and  shortleaf  pine. 
"Longleaf  pine"  is  to  be  descriptive  of  quality,  and  if  shortleaf  or  loblolly 
pine  is  grown  under  such  conditions  that  it  produces  a  large  percentage  of 
hard  summer  wood,  so  as  to  be  equivalent  to  the  wood  produced  by  the 
true  longleaf,  it  would  be  covered  by  the  term  "longleaf  pine.") 

2.  Douglas  Fir. — The  term  "Douglas  Fir"  is  to  cover  the  timber 
known  likewise  as  yellow  fir,  red  fir.  Western  fir,  fir,  Washington  fir, 
Oregon  or  Puget  Sound  fir.  Northwest  and  West  Coast  fir. 

3.  Norway  Pine,  to  cover  what  is  known  also  as  "Red  Pine." 

4.  Hemlock,  to  cover  Southern  or  Eastern  hemlock ;  that  is,  hem- 
lock  from   all    States    east   of   and   including    Minnesota. 

5.  Western    Hemlock,   to   cover   hemlock   from   the    Pacific   Coast. 

6.  Spruce,  to  cover  Eastern  spruce ;  that  is,  the  spruce  timber  com- 
ing from  points  east  of  Minnesota. 

7.  Western  Spruce,  to  cover  spruce  timber  from  the  Pacific  Coast. 

8.  White  Pine,  to  cover  the  timber  which  has  hitherto  been  known 
as  white  pine,  from  Maine,  Michigan,  Wisconsin  and  Minnesota. 

9.  Idaho  White  Pine,  the  variety  of  white  pine  from  Western 
Montana  and  Northern  Idaho  and  Eastern  Washington. 

*io.  Western  White  Pine,  to  cover  the  timber  sold  as  white  pine 
coming  from  Arizona,  California,  New  Mexico,  Colorado,  Oregon  and 
Washington.  This  is  the  timber  sometimes  known  as  "Western  Yellow 
Pine,"  or  "Ponderosa  Pine,"  or  "California  White  Pine." 

11.  Western  Larch,  to  cover  the  species  of  Larch  or  Tamarack 
from  the  Rocky  Mountain  and  Pacific  Coast  regions. 

12.  Tamarack,  to  cover  the  timber  known  as  "Tamarack"  or  "East- 
ern Tamarack,"  from  States  east  of  and  including  Minnesota. 

*i3.  Red  Wood,  to  include  the  California  wood  usually  known  by 
that  name. 


*See  amendment,  page  397. 
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14.     Oak. — Under  this  heading  three  classes  of  timber  are  used : 

(a)  White  Oak,  to  inckide  White  Oak,  Burr  Oak  and  Post  Oak. 

(b)  Red  Oak,  to  inchide  Red  Oak,  Scarlet  Oak,  Black  Oak,  and  all 
bastard  oaks. 

(c)  Chestnut  Oak,  to  include  only  Chestnut  Oak. 

LIST    OF    REFERENCES    TO    TESTS    OF    AMERICAN    STRUC- 
TURAL TIMBER. 

The  fifth  annual  convention  of  the  Association  of  Railway  Superin- 
tendents of  Bridges  and  Buildings,  held  at  New  Orleans,  La.,  in  October. 
1895,  adopted  a  report  upon  the  "Strength  of  Bridge  and  Trestle  Tim- 
bers," that  was  prepared  by  a  special  committee,  of  which  the  Chairman 
was  Walter  G.  Berg,  Chief  Engineer  of  the  Lehigh  Valley  Railroad. 

This  report  was  published  in  the  Proceedings  of  that  Association  for 
189s ;  was  subsequently  republished  in  a  volume  entitled  "American  Rail- 
way Bridges  and  Buildings,"  by  Walter  G.  Berg,  Chicago,  1898,  pp. 
220-238  and  670-706,  inclusive;  and  finally  republished  separately  in 
Berg's  "Complete  Timber  Test  Record,"  Chicago,   1899. 

After  a  study  of  all  the  literature  upon  the  subject  then  available 
and  published  since  1875,  the  Committee  embodied  the  results  of  its 
labors  in  the  accompanying  table  of  recommended  safe  unit  stresses : 

AVERAGE  SAFE  ALLOWABLE  WORKING  UNIT  STRESSES,  IX  POUNDS  PER 

SQUARE  INCH. 


KIND  OF  TIMBER. 


Factor  of  Safety. 


White  oak.  

White  pine 

Southern,  longleaf  or  Georgia  yel- 
low pine 

Douglas,  Oregon  and  I  yellow  fir.  . 
Washington  fir  or< 
pine I  red  fir 

Northern  or  shortleaf  yellow  pine. . 

Red  pine. 

Norway  pine 

Canadian  (Ottawa)  white  pine 

Canadian  (Ontario)  red  pine 

Spruce  and  Eastern  fir   

Hemlock 

Cypress 

Cedar 

Chestnut 

California  redwood 

California  spruce 


Tension. 


Ten    I  Ten 


Compression. 


With  Grain 


"3  t. 


Transverse 


S£ 


sa 


Five    Five   Fou.  i   Six        Two 


1,000  200    1,400 
700     50    1,100 


1,200 
1,200 

1,000 
900 
900 
800 
1,000 
1,000 
800 
600 
600 
800 
900 
700 


60 


900i  500  1,000' 550,000 
7091  200   700;  500,000 


50 


1,600  1,000'  350  1,200  850.000 
1,600!  l,200i  300  I  1,100  700,000 


. .  !  800 
250  :  1,000 
200  '  800 
200  !  700 


1,200 
1,200 
1,200 


1,200 


1,200 
1,200 


800 

800 

800 

1,0001 

1,0001 

800 

800 

800 

800 

1,000 

■  800 

8OO1 


600,000 
600,000 
600.000 


...  800 

200  I  700 

150  '  600 

200  I  800 

200  !  8OO: 

250  800 

200  750 
800 


700,000 
600,000 
450,000 
450.000 
350,000 
500,000 
350,000 
600,000 


Shearing. 


Four 


200  1,000 
100   500 


150 
150 


1,250 


100  11,000 


100 
100 
100 
100 


150 
100 


750 
600 


400 
400 
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The  report  contains  also  four  classified  tables  of  ultimate  stresses 
relating  respectively  to  various  oaks,  white  pines,  Southern  yellow  pines 
and  Western  firs.  Appendix  A  gives  some  notes  regarding  the  professional 
standing  of  the  following  authors  and  experimenters  whose  results  are 
quoted  in  these  tables :  Rankine,  Thurston,  Trautwine,  Kidder,  De  Coppet 
Bergh,  Johnson,  Howe,  Lanza,  Kent,  Burr,  Hatfield,  Laslett,  Laidley,  Rod- 
man, Sharpies,  Bovey,  Haswell  and  Patton.  The  remaining  appendices 
contain  abstracts  of  tests  and  notes  concerning  them,  as  follows : 

Appendix  B.— Hatfield's  tests  from  "Transverse  Strains,"  1877;  Las- 
-lett's  tests  from  "Timber  and  Timber  Trees,"  1875,  revised  edition  1894; 
Professor  Thurston's  small-size  tests  reported  in  Journal  Franklin  In- 
stitute, October,  1879,  and  September,  1880;  tests  made  during  the  con- 
struction of  the  St.  Louis  bridge,  from  Woodward's  History  of  the  St. 
Louis  Bridge,  1881 ;  F.  E.  Kidder's  small-size  tests  from  Van  Nostrand's 
Magazine,  February,  1880;  United  States  Ordnance  Department,  small- 
size  tests  at  Watertown  Arsenal,  by  Col.  T.  T.  S.  Laidley;  John  C. 
Trautwine's  small-size  tests  from  Journal  Franklin  Institute,  February. 
1880;  United  States  Tenth  Census  Report,  small-size  tests  of  T.  P. 
Sharpies;  United  States  Army  tests  by  Captain  Rodman  from  the 
Ordnance  Manual ;  Professor  Thurston's  small-size  tests  for  the  United 
States  Geological  Survey,  1880. 

Appendix  C. — On  tests  of  longleaf  yellow  pine  by  the  Forestry  Di- 
vision, United  States  Department  of  Agriculture,  published  in  Timber 
Physics,  Part  IL  Bulletin  No.  8,  1893. 

Appendix  D.— Professor  Gaetano  Lanza's  full-size  tests  of  beams, 
published  in  Technologj^  Quarterly. 

Appendix  E. — Miscellaneous  full-size  beam  and  column  tests  made  in 
England. 

Appendix  F. — Longitudinal  shear  for  full-size  tests  of  beams  by 
Professors  Gaetano  Lanza  and  C.  B.  Wing.  Engineering  News,  Vol.  33. 
page  168,  March  14,  1895. 

Appendix  G. — Professor  Gaetano  Lanza's  full-size  tests  of  timber 
columns,  made  for  the  Boston  IManufacturcrs'  Mutual  Fire  Insurance 
Company,  1882. 

Appendix  H. — Full-size  tests  of  timber  columns  made  by  the  United 
States  Government  at  the  Watertown  Arsenal,  1880  to  1883,  under  the 
direction  of  Col.  T.  T.  S.  Laidley,  United  States  Army,  Executive  Docu- 
ment No.  12,  117th  Congress,  ist  session;  and  Executive  Document  No.  i, 
47th  Congress,  2d  session. 
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Appendix  I. — Professor  W.  H.  Burr's  formulas  for  yellow  and  white 
pine  columns,  from  Burr's  Elasticity  and  Resistance  of  Materials. 

Appendix  J. — Professor  E.  F.  Ely's  formulas  for  yellow  and  white 
pine  columns. 

Appendix  K. — Professor  J.  H.  Stanwood's  formulas  for  yellow  and 
white  pine  columns.  See  Technology  Quarterly,  Vol.  7,  page  66,  April. 
1894 ;  and  Railroad  Gazette,  Vol.  26,  page  76,  Januarj^  29,  1892,  and 
Vol.  26,  page  50,  January  19,  1894. 

Appendix  L. — C.  Shaler  Smith's  formulas  for  yellow  pine  columns, 
from  Burr's  Elasticity  and  Resistance  of  ^Materials. 

Appendix  M. — Professor  H.  T.  Bovey's  full-size  tests  at  McGill  Uni- 
versity of  Canadian  Douglas  fir,  red  pine,  white  pine  and  spruce.  Trans- 
actions of  Canadian  Society  of  Civil  Engineers,  Vol.  9,  January  25,  1S95. 

Appendix  N. — Report  of  the  Washington  State  Chapter,  American 
Institute  of  Architects,  on  the  strength  of  timber  from  the  State  of 
Washington.  California  Architect  and  Building  News,  March,  1895, 
includes  tests  of  beams,  partly  full-size,  by  C.  B.  Talbot,  Northern  Pacific 
Railway;  A.  J.  Hart,  Chicago,  Milwaukee  &  St.  Paul  Railway,  and 
S.  Kedzie  Smith,   city  engineer,   Ballard,  Washington. 

Appendix  O. — ^liscellaneous  tests  of  the  Northwest  and  Pacific  Coast 
timbers.  Includes  additional  full-size  tests  by  S.  Kedzie  Smith,  from  the 
Puget  Sound  Lumbermen,  August.  1894,  and  February,  1895;  tests  by 
Arthur  Brown  for  the  Southern  Pacific  Railway,  from  Puget  Sound 
Lumbermen,  Februarj-,  1894;  tests  of  beams  by  Professor  R.  H.  Thurston 
for  the  United  States  Geological  Survey,  1880;  tests  by  George  S.  Morison 
in  1886;  and  a  few  small-size  tests  made  at  the  machine  shops  of  the 
Oregon  and  California  Railroad. 

Appendix  P. — Professor  Frank  Soule's  tests  of  California  redwood. 
Special  Bulletin,  No.  2,  L^niversity  of  California,  June  i,   1895. 

Appendix  Q. — L^nited  States  Government  tests  on  the  shearing 
strength  of  timber  parallel  to  the  fiber  made  at  the  Watertown  Arsenal, 
under  the  direction  of  Col.  T.  T.   S.  Laidley,  United  States  Army,  1881. 

Appendix  R. — Tests  of  f  ill-size  old  and  new  pine  bridge  stringers 
made  for  the  Chicago,  Milwaukee  &  St.  Paul  Railwaj-,  under  the  direc- 
tion of  Onward  Bates.  Transactions  American  Society  of  Civil  Engineers. 
Vol.  23,  page  261,  November,  i8go. 

Appendix  S. — Tests  of  full-size  old  and  new  white  pine  bridge 
stringers  made  by  W.  H.  Finley  for  the  Chicago  &  Northwestern  Railway. 
April  18,  1895.  Engineering  News,  Vol.  33^  page  339,  May  23,  1895,  and 
Railway  Review,  June  i,  1895. 
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Appendix  T. — Tests  of  Douglas  fir  and  California  redwood  made  for 
the   Southern  Pacific  Railway  by  John  D.  Isaacs. 

Appendix  U.— Tests  of  beams  of  Douglas  fir  by  Professor  C.  B. 
Wing,  at  Leland  Stanford  University.  Engineering  News,  Vol.  33,  page 
i€S,  March  14,  1895. 

Appendix  V.- — Formula  for  timber  columns  recommended  by  A.  L. 
Johnson. 

Appendix  W. — Safe  unit  stresses  for  trestle  timbers,  recommended 
by  A.  L.  Johnson. 

The  following  publications  relating  to  timber  tests  and  safe  unit 
stresses  have  been  issued  since  October,  1895,  when  the  report  mentioned 
above  was  adopted  by  the  Association  of  Railway  Superintendents  of 
Bridges  and  Buildings. 

What  is  the  Life  of  an  Iron  Railroad  Bridge,  by  J.  E.  Greiner. 
Transactions  of  American  Society  of  Civil  Engineers,  Vol.  34,  pp.  301-302, 
October,  1895.  On  the  results  of  tests  of  white  and  yellow  pine  stringers 
under  traffic,  and  the  unit  stresses  developed. 

Economical  Designing  of  Timber  Trestle  Bridges,  by  A.  L.  Johnson. 
Bulletin  No.  12,  Division  of  Forestry,  United  States  Department  of 
Agriculture,  1896.  The  paper  gives  the  species  of  timber  employed  and 
the  range  in  values  of  safe  unit  stresses  as  reported  by  fifteen  railroad 
companies  of  the  United  States,  and  recommends  a  more  rational  practice 
in  designing,  as  illustrated  by  examples  submitted.  A  discussion  of  the 
relation  of  cost  to  strength  for  stringers  is  also  included.  The  appendices 
contain  discussions  by  Gustav  Lindenthal  and  Walter  G.  Berg,  and  a 
reprint  of  the  committee  report  on  the  strength  of  bridge  and  trestle 
timbers  to  the  Association  of  Railway  Superintendents  of  Bridges  and 
Buildings. 

Southern  Pine — Mechanical  and  Physical  Properties.  Circular  No. 
12,  Division  of  Forestry,  United  States  Department  of  Agriculture,  1896. 
Contains  the  results  of  tests  of  longleaf,  Cuban,  loblolly,  and  shortleaf 
pine  in  condensed  form  issued  in  advance  of  a  fuller  account. 

Comparative  tests  of  Washington  fir  and  Eastern  white  oak,  made 
for  the  Northern  Pacific  Railway  by  O.  D.  Colvin.  Railway  Review, 
March  7,  1896. 

Notes  on  Overloaded  White  Pine,  by  Justin  Burns.  Railway  Review. 
March  28,  1896.  Results  of  inspections  for  the  maintenance  of  wooden 
bridges  and  trestles  on  railroads. 

Transverse  Tests  of  Beams  of  Oregon  Pine   (Douglas  fir)   made  for 
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the  Southern  Pacific  Railway  under  the  direction  of  William  Hood. 
Engineering  News,  Vol.  35,  page  419,  June  25,  1896. 

Summary  of  Mechanical  Tests  on  Thirty-two  Species  of  American 
Woods.  Circular  No.  15.  Division  of  Forestry,  United  States  Depart- 
ment of  Agriculture,  1897.  See  abstract  of  results  for  five  species  of 
timber  published  in  Proceedings  of  'the  American  Railway  Engineering 
and  Maintenance  of  Way  Association,  Vol.  7  (igo6),  page  698. 

Progress  in  Timber  Physics.  Circular  No.  18.  Division  of  Forestry. 
United  States  Department  of  Agriculture,  1898.  Discusses  the  effect 
of  size  of  test  piece,  and  of  moisture  content,  tests  for  uniformity,  the 
behavior  of  wood  when  compressed  across  the  grain,  and  the  relation 
between  the  compression  of  short  blocks  to  the  strength  of  beams  at 
the  elastic  limit  and  at  rupture. 

Progress  in  Timber  Physics.  Circular  No.  19.  Division  of  Forestry, 
United  States  Department  of  Agriculture,  1898.  On  the  character,  weight, 
and  results  of  tests  of  white,  yellow,  red  and  upland  cypress. 

Tests  of  Timber  in  Compression  Endwise,  by  J.  B.  Johnson.  Engineer- 
ing News,  Vol.  40,  page  262,  October  27,  1898.  Time  tests  on  columns 
of  longleaf  yellow  pine  made  in  April  and  May,  1898. 

Results  of  Tests  of  Timber  made  in  the  Laboratory  of  Applied 
Mechanics,  Massachusetts  Institute  of  Technology.  Technology  Quar- 
terly. 

(a)  Full-sized  beams,  152  spruce,  63  yellow  pine.  45  white  pine. 
17  hemlock,  2  yellow  birch,  i  ash,  36  white  oak,  and  also  time 
tests  of  26  spruce,  1894. 

(b)  Full-sized  columns,  10  spruce  and  5  yellow  pine  without 
bolster,  8  spruce  and  3  oak  with  bolster,  1895. 

(c)  Full-sized  beams,  7  maple,  8  hemlock  and   13  spruce,   1895. 

(d)  Full-sized  beams,   16  spruce,  5  Norway  pine,   i8g6. 

(e)  Compression  of  timber  across  the  grain,   1896. 

(f)  Tests  of  6  timber  trusses,  1896. 

(g)  Tests  of  9  framed  headers,  1896. 

(h)      Full-sized  beams,  42  spruce,  2  yellow  pine,  1897. 

(k)     Full-sized  beams,  6  spruce,  i8g8. 

(1)       Full-sized   beams,   37   yellow   pine,    18   spruce   and   9   white 

pine,  1900. 
(m)    Full-sized  beams,  11  yellow  pine  and  18  spruce,  1901. 

Results  of  Tests  made  in  Engineering  Laboratories  of  the  Massa- 
chusetts Institute  of  Technology.     Reprinted -from  Technology  Quarterly. 
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Pamphlet  I.     Tests  of  beams.  ^ 

III.     Tests  of  beams  and  columns. 
V.     Tests  of  beams  and  on  compression  across  the  grain. 

Watertown  Arsenal.  Tests  of  Metals,  etc.  Ordnance  Department, 
United  States  Army. 

(a)  Wood  from  the  Pacific  Slope,  1881. 

(b)  Full-size  timber  posts,   1882. 

(c)  California  Laurel    (small  specimens),   1883. 

(d)  Tests  of  small  pieces  of  many  kinds  of  timber  made  for 
the  Tenth  Census  under  the  supervision  of  C.  S.  Sargent, 
1883. 

(e)  Columns  of  Douglas  Fir  (full  size),  1895. 

(f)  Expansion  and  Contraction  of  Oak  and  Pine,  1895. 

(g)  Douglas  Fir  and  White  Oak  columns  (full  size),  1896. 
.   (h)     Full-size  Yellow  Pine  and  Spruce  Posts,  1897. 

(k)     Fireproof  wood,  1898. 

(1)      Old  White  and  Red  Oak  Posts  (full  size),  1900. 

(m)    Douglas  Fir  and  White  Oak  Posts   (full  size),  1902. 

Comparative  Tests  of  Douglas  Fir  and  Yellow  Pine,  by  F.  W.  Hibbs, 
Naval  Constructor,  United  States  Army.  Proceedings  Pacific  Northwest 
Society  of  Engineers,  Vol.  i.  No.  2,  page  i,  November,  1902.  A  sum- 
mary of  the  results  was  published  in  Proceedings  of  the  American  Rail- 
way Engineering  and  Maintenance  of  Way  Association,  Vol.  7  (1906), 
pp.  700-701. 

Tests  on  the  Physical  Properties  of  Timber,  by  F.  E.  Olmstead.  Re- 
print from  the  year  book  of  the  United  States  Department  of  Agriculture 
for   1902. 

Timber  Tests.  An  Informal  Discussion  at  the  Annual  Convention. 
June  10,  1903.  By  W.  K.  Hatt,  Hermann  Von  Schrenk,  Gaetano  Lanza, 
A.  L.  Johnson  and  S.  Bent  Russell.  Transactions  American  Society  of 
Civil  Engineers,  Vol.  51,  pp.  67-104,  December,  1903.  A  discussion  of 
the  program  adopted  for  the  current  series  of  tests  undertaken  by  the 
Forest  Service,  and  the  relation  of  the  methods  adopted  to  the  needs  of 
the  engineer  and  the  forester. 

Progress  Report  on  the  Strength  of  Standard  Timber,  by  W.  Kendrick 
Hatt.  Circular  No.  32,  Bureau  of  Forestry,  United  States  Department 
of  Agriculture,  1504.  On  tests  of  Douglas  fir,  western  hemlock,  longleaf 
yellow  pine  and  loblolly  pine.  Some  of  the  results  for  large-size  sticks 
of  longleaf  yellow  pine  and  Douglas  fir  were  abstracted  in  Proceedings 
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of  the  American  Railway  Engineering  and  Maintenance  of  Way  Associa- 
tion, Vol.  7   (1906),  pp.  696-697. 

Tests  of  Timber,  by  Gaetano  Lanza.  Paper  presented  to  the  Inter- 
national Engineering  Congress  at  St.  Louis,  1904.  Transactions  Ameri- 
can Society  of  Civil  Engineers,  Vol.  54,  part  F  (1505),  pp.  77-92.  With 
discussions  by  W.  K.  Hatt,  James  E. 'Howard,  Sir  William  White  and 
Gaetano  Lanza.  The  paper  gives  an  admirable  summary  of  the  objects 
and  scope  of  tests  of  timber  made  under  various  auspices  for  scientific 
and  practical  purposes.  The  appendix  to  the  paper  contains  an  elaborate 
set  of  references  to  timber  tests  in  Europe  and  America,  before  and 
after  1875. 

Strength  of  Large-size  Beams  of  Red  or  Douglas  Fir,  by  Loren  E. 
Hunt.  Proceedings  American  Railway  Engineering  and  Maintenance  of 
Way  Association,  Vol.  6  (1905),  pp.  104-117,  gives  the  results  of  tests 
made  by  the  L^nited  States  Forest  Service  of  beams  8  by  16  and  6  by  8 
in.,  respectively,  for  a  span  of  16  ft.,  and  for  select,  merchantable  and 
second  grades.  In  addition  there  are  included  important  tables  giving 
the  relation  between  the  strength  of  Douglas  fir  and  the  rate  of  growth, 
the  number  of  annual  rings  varying  from  4  to  15  per  inch.  The  results 
are  given,  first  for  the  average  of  all  grades ;  and,  second,  for  the  average 
of  select  and  merchantable  grades ;  in  each  case  for  the  two  sizes  of 
beam  mentioned. 

Tests  of  Douglas  Fir,  by  Loren  E.  Hunt.  Proceedings  of  American 
Railway  Engineering  and  Maintenance  of  Way  Association,  Vol.  7  (igo6), 
page  702.  A  table  showing  what  proportion  of  the  individual  tests  vary 
by  10  and  25  per  cent.,  respectively,  from  the  average  value  for  a  given , 
size  of  stick  and  kind  of  stress.  The  tests  were  made  by  the  United 
States  Forest  Service,  and  this  table  of  results  was  prepared  at  the 
request  of  Committee  No.  VII. 

Instructions  to  Engineers  of  Timber  Tests,  by  W.  Kendrick  Hatt. 
Circular  38,  Forest  Service,  United  States  Department  of  Agriculture. 
1906. 

Experiments  on  the  Strength  of  Treated  Timber,  by  W.  Kendrick 
Hatt.  Circular  59,  Forest  Service,  United  States  Department  of  Agri- 
culture, igo6.  The  species  of  timber  treated  were  loblolly  and  Western 
yellow  pine,  the  methods  of  treatment  being  Burnettizing  and  creosoting. 

Efifect  of  Moisture  on  the  Strength  and  Stiffness  of  Wood,  by  Harry  D. 
Tiemann.  Bulletin  70,  Forest  Service,  United  States  Department  of  Agri- 
culture, 1906.  This  bulletin  gives  the  results  of  strength  tests  of  longleaf 
pine,  spruce  and  chestnut,  at  different  degrees  of  moisture,  under  com- 
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pression  parallel  to  grain,  compression  at  right  angles  to  grain,  bending 
and  shearing.  For  the  woods  tested,  factors  are  given  by  the  use  of  which, 
when  the  strength  of  a  wood  at  a  given  degree  of  moisture  is  known,  its 
strength  in  other  conditions  of  moisture  can  be  found. 

Second  Progress  Report  on  the  Strength  of  Structural  Timbers,  by 
W.  Kendrick  Hatt.  Circular  No.  — ,  Forest  Service,  United  States  De- 
partment of  Agriculture  [To  be  published  in  1907].  The  results  of  tests 
of  bridge  stringers,  car  sills,  and  large  joists  of  Douglas  fir,  Western 
hemlock,  longleaf  yellow  pine,  loblolly  pine,  tamarack  and  N^orway  pine; 
a  study  of  the  distribution  of  moisture  throughout  the  volume  of  large 
sticks ;  a  study  of  the  eflfect  of  kind  and  location  of  knots  on  the  strength 
of  stringers ;  a  study  of  the  relative  strength  of  small  and  large  sticks  of 
timber;  a  study  of  the  longitudinal  shearing  stresses  developed  in  large 
sticks ;  and  a  study  of  the  relative  strength  of  green  and  air-dried 
stringers. 

While  the  following  engineering  text-books  have  the  authority  of 
original  sources  onlj'  in  part,  the  compilations  made  represent  the  results 
of  careful  study  by  authors  who  have  themselves  taken  an  active  part 
in  experimental  investigations. 

Applied  Mechanics,  by  Gaetano  Lanza.  Ninth  edition,  revised  and 
enlarged.  New  York,  1905.  The  strength  of  timber  as  determined  by 
experiment,  Chapter  VIL 

Materials  of  Construction,  by  J.  B.  Johnson.  Fourth  edition,  revised 
and  enlarged.  New  York,  1900.  Tests  of  the  Strength  of  Timber, 
Chapter  XXIIL  Experimental  Values  of  the  Strength  of  Timber,  Chap- 
ter XXXn.  Contains  a  more  complete  and  systematically  arranged  sum- 
mary of  results  of  the  tests  made  by  the  Division  of  Forestry,  United 
States  Department  of  Agriculture,  1891  to  1896,  than  are  given  in  the 
incomplete  series  of  official  publications. 

Elasticity  and  Resistance  of  the  Materials  of  Engineering,  by  William 
H.  Burr.  Sixth  edition,  rewritten  and  enlarged.  New  York,  1903.  Tim- 
ber in  tension,  pp.  378-384 ;  timber  in  compression,  pp.  532-544 ;  timber 
in  torsion,  p.  571 ;  timber  beams,  pp.  591-606. 

Theory  of  Structures  and  Strength  of  Materials,  by  Henry  T.  Bovey. 
Fourth  edition,  rewritten  and  enlarged.  New  York,  1905.  Results  of 
timber  tests  abstracted  from  various  sources,  pp.  265-267. 
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A— RESULTS    OF    RECENT    WORK    OF    THE    TIMBER    TESTS 

BY  THE  FOREST  SERVICE;  UNITED   STATES 

DEPARTMENT   OF  AGRICULTURE. 

By   W.    Kexdrick   H.\tt,    Professor   of   Civil   Engineering,    Purdue    Uni- 
versity ;   Civil  Engineer,  Forest  Service. 

This  paper  is  a  review  of  the  results  obtained  in  the  timber  tests 
of  the  Forest  Service  during  the  past  jear,  including  general  values, 
which  indicate  the  effect  upon  the  strength  of  timber  of  various  ele- 
ments, such  as  moisture,  seasoning,  knots  and  other  defects,  together 
with  some  of  the  relations  underlying  the  effect  of  creosoting  on  the 
strength  of  timber  and  the  effect  of  impact  loads. 

This  material  has  been  published  in  circulars  and  trade  bulletins,  a 
list  of  which  is  found  at  the  end  of  this  article. 

I.     THE  EFFECT  OF  CHANGE  OF  MOISTURE  CONDITION   ON 
THE   STRENGTH. 

A.    Essential  Lazes  Determined  from  Small  Test  Pieces. 

The  results  of  this  investigation  will  be  found  in  Bulletin  No.  70, 
entitled  '"Effect  of  Moisture  on  the  Strength  and  Stiffness  of  Wood," 
by  H.  D.  Tiemann.  The  gist  of  this  very  extended  investigation,  com- 
pletely described  in  this  Bulletin  70,  is  presented  in  Diagrams  i  to  4. 

The  comparative  stress-strain  diagrams  at  various  degrees  of  moist- 
ure are  set  forth  in  Diagram  i. 

Diagram  2  shows  how  these  various  strength  functions  vary  with 
a  change  of  moisture  in  the  case  of  spruce,  from  kiln-dried  (3.5  per 
cent,  of  moisture  based  on  oven  dry  weight)  to  green  (over  30  per 
cent,  of  moisture).  It  will  be  noted  in  this  diagram  that  the  stress  at 
elastic  limit  in  flexure  was  practically  equal  to  the  crushing  strength  as 
determined  from  a  compression  test  parallel  to  the  grain. 

Diagram  3  exhibits  the  comparative  effect  on  strength  of  change  of 
moisture  in  the  case  of  three  species  of  wood. 
27  417 
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It  will  be  noted  that  in  Diagrams  2  and  3  the  moisture  strength 
law  is  expressed  by  two  distinct  and  separate  lines,  which  intersect. 
Hitherto  the  statement  of  the  moisture-strength  law  has  been  graphically 
represented  as  in  the  dotted  line  in  Diagram  4;  that  is  to  say,  there 
was  one  continuous  curve  representing  a  continuous  rather  than  a  dis- 
continuous law. 


1.2      lA      le      1.8      2      22     ZA     2.e     as 

OEruECTlON   AT  CENTE.R    OF    BtAM  -  INCHES 
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Diagram    i.- — Stress-Strain    Diagrams    of    Single    Series    of    Bending 

Tests, 


As   the    author   states    in   the    bulletin,   page   82: 

"The  water  in  wood  may  exist  in  two  conditions — as  free  water. contained 
in  the  pores  of  the  wood,  lilce  iioney  in  a  honeycomb,  and  as  moisture  ab- 
sorbed within  the  substance  of  the  cell  walls.  In  wet  and  green  woods  the 
water  exists  in  both  conditions,  the  free  water  evidently  having  no  particular 
effect  upon  the  strength  and  merely  adding  to  the  weight  of  the  block.  In  deter- 
mining the  moisture  degree  both  the  free  water  and  the  absorbed  are  neces- 
sarily included,  since  there  is  no  means  of  distinguishing  between  the  two. 
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MOISTURE- PER   CENT   OF   DRY    WEIGHT. 

Diagram  2. — Comparisox  of  the  Various  Strength  Values  of  Spruce 
With  Variation  in  Moisture. 

(The  two  upper  curves  are  from  bending  tests  and  the  lowest  one  from 
compression  at  right  angles  to  grain.) 
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Diagram  3. — Variation  in    Strength    With    Moisture  in    Bending. 
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Consequently  in  drying  out  a  piece  of  wet  wood,  since  the  free  water  must 
evidently  evaporate  before  tlie  absorbed  water  in  the  cell  walls  can  begin 
to  dry  out,  there  will  be  a  period  during  which  the  strength  remains 
constant,  although  varying  degrees  of  moisture  are  indicated.  But  just 
as  soon  as  the  free  water  has  disappeared  and  the  cell  walls  begin  to  dry 
the  strength  will  begin  to  increase.  This  point  I  designate  the  fiber- 
saturation  point. 

"Referring  now  to  the  moisture-strength  diagrams,  this  fiber-saturation 
point  will  be  easily  recognized  as  the  point  where  the  steep  curved  portion 
is  intersected  by  a  horizontal  line.  This  horizontal  line,  then,  merely  shows 
the  excess  of  moisture  in  the  wood  above  the  amount  required  to  saturate 
the  cell  walls,  and  existing  as  free  water  in  the  pores. 


^   5.000 
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Diagram  4. — Effect  of  Case-Hardening  Upon  the  Form  of  Moisture- 
Strength  FOR  Bending. 


"This  subject  may  be  approached  in  the  other  direction.  When  a  piece 
of  dry  wood  is  immersed  in  water  the  water  is  gradually  drawn  into  the 
pores  and  also  absorbed  by  the  cell  walls  of  wood  substance.  As  the 
latter  absorbs  more  and  more  water  the  strength  decreases  until  finally  a 
point  is  reached  where  the  walls  are  saturated  and  will  hold  no  more. 
The  strength  then  ceases  to  diminish,  although  the  block  of  wood  may  still 
continue  to  take  up  water,  but  only  as  free  water  in  the  pores.  This  is 
the  fiber-saturation  point,  and  it  is  evidently  the  same  point  at  which 
swelling  ceases. 

"If  the  moisture  in  the  specimens  be  unevenly  distributed,  or  if  drying 
be  more  rapid  in  one  place  than  in  another,  the  fiber-saturation  point  is 
obscured.  Suppose  a  wet  specimen  be  dried  in  such  a  manner  that  the 
outer  surface  is  drier  than  this  point,  while  the  central  portion  still  contains 
free  water.  The  result  will  show  an  increase  in  strength,  although  the 
moisture  determination  will  indicate  a  degree  of  moisture  beyond  the  satura- 
tion point.  Consequently,  in  the  diagram,  the  result  of  such  a  test  will  be 
a  point  above  the  horizontal  line;  and  a  series  of  such  tests  will  give  an 
uninterrupted  curve  from  the  driest  to  the  wettest  condition,  entirely 
obscuring  the  fiber-saturation  point,  and  having  all  its  strength  values  too 
high  for  the  indicated  moisture  degree.     This  is  clearly  shown  in  the  results 
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of  a  number  of  tests  purposely  "casehardened,"  given  in  Figs.  19  and  20, 
page  118.  The  correct  diagrams  are  the  lower  lines,  and  the  rounding-off 
effect  obtained  from  unevenly  dried  specimens  is  shown  in  the  upper 
curves." 

These  laws  will  apply  to  wood  in  small  sizes,  such  as  cross-arms, 
vehicle  stock,  etc. 

B.     Effect  of  Change  of  Moisture  in  Large  Beams. 

While  the  essential  law  is  as  shown  above,  it  is  necessary  to  deter- 
mine if  such  a  law  will  apply  to  large  timbers  as  found  on  the  market, 
containing  knots  and  other  defects  and  an  unequal  distribution  of  mois- 
ture, not  only  in  the  length  of  the  stick  but  throughout  the  cross-section. 
Attempts  were  made  to  determine  by  actual  tests  on  large  sticks  the 
relative  strength  of  green  timber  and  timber  seasoned  under  different 
conditions  for  periods  of  time  representing  commercial  conditions. 

Table  i  shows  the  facts  as  so  far  developed.  In  the  case  of  the 
Douglas  fir,  the  Engineer  of  Timber  Tests  operated  in  conjunction  with 
the  sawyer  at  the  mill.  In  the  case  of  the  loblolly  pine,  the  testing 
machine  was  erected  in  the  mill  itself.  A  certain  proportion  of  the  cut 
was  laid  aside  to  season  and  a  comparison  was  made  of  the  strength 
of  green  timber  and  of  similar  sticks  which  had  been  dried.  Table  i 
expresses  the  per  cent,  which  the  strength  of  the  seasoned  lumber  bore 
to  the  strength  of  the  green  lumber.  The  indications  are  that  an 
increase  of  strength,  due  to  seasoning,  may  be  expected  in  the  case  of 
the  better  classes  of  timber  of  select  grade,  but  that  the  defects  of 
structure,  such  as  shakes  and  checks,  which  result  because  of  the  inter- 
nal strains  arising  during  the  drying  process,  in  the  case  of  merchant- 
able timber  and  seconds,  are  likely  to  offset  any  benefit  due  to  the  drying 
of  the  outer  portions  of  the  stick.  This  Table  i  bears  out  the  state- 
ment made  in  the  earlier  publications  of  the  Timber  Tests,  that  an 
engineer  is  ordinarily  not  justified  in  fixing  unit  stresses  for  large  tim- 
bers greater  than  the  strength  of  green  timber. 

2.     THE   EFFECT   OF   KNOTS. 

In  the  case  of  the  testing  laboratories  at  or  near  sawmills  the  Engi- 
neer of  Tests  was  able  to  obtain  clear  and  knotty  sticks  sawed  according 
to  his  order.  In  this  way  an  attempt  was  made  to  directly  investigate  the 
reducing  strength  factors  caused  by  knots  of  various  size,  character  and 
position  in  the  stick.  Table  2  presents  in  a  general  manner  the  results 
of  the  analysis  applied  to  these  tests.  The  loblolly  pine  was  5  by  I2  in. 
in  cross-section,  sawed  at  Charleston,  S.  C,  and  tested  immediately  after 
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sawing  in  the  mill.  The  beams  were  loaded  at  the  third  points.  The 
Douglas  fir  was  8  by  i6  in.  in  cross-section  and  was  sawed  at  a  mill 
in  Lane  County,  Oregon,  and  tested  a  few  days  after  sawing.  The 
beams  were  loaded  at  the  center.  Table  2  shows  the  method  of  analysis 
of  the  results  of  the  tests  in  which  the  beams  were  divided  into  three 
classes,  namely,  (i)  beams  having  defects  in  the  volume  of  the  tension 
side  projected  as  one-quarter  of  the  depth  from  the  edge  and  in  the 
middle  half  of  the  length  (see  Vol.  i,  sketch  in  Table  2)  ;  (2)  sticks 
having  defects  in  the  compression  face  similarly  located,  but  no  defects 
in  the  corresponding  area  of  tension  face  (see  Vol.  2,  sketch  in  Table 
2)  ;  (3)  sticks  having  no  defects  in  these  first  two  mentioned  volumes, 
but  with  defects  in  Vol.  3,  or  the  remaining  portion  of  the  stick. 

It  was  found  that  sticks  having  knots  only  in  Vol.  3  had  practically 
the  strength  of  clear  sticks.  The  other  relations  are  shown  in  Table 
2  clearl}^  and  lead  to  the  conclusion  that  sticks  of  loblolly  pine  having 
defects  located  in  Vol.  i  as  described  have  practically  72  per  cent,  of 
the  strength  of  the  clear  stick.  In  the  case  of  green  Douglas  fir  this 
percentage  rises  to  a  value  of  80.2,  for  the  reason  that  green  Douglas  fir 
is  weak  in  compression,  and  that  failure  generally  takes  place  in  clear 
wood  in  compression  at  the  top  of  the  beam  rather  than  at  a  knot  in  the 
tension  face.  In  the  case  of  seasoned  Douglas  fir  the  relation  would 
probably  be  different.     This  remains,  however,   to  be  determined. 

The  above  relations  are  stated  with  reference  to  the  position  erf 
the  knots. 

With  respect  to  the  size  of  knots,  the  analj'sis  of  the  tests  indicates 
that  the  size  of  the  knot  in  itself  is  not  a  ruling  element.  Small  knots 
which  are  near  enough  to  the  tension  face  to  turn  off  the  grain  are 
more  weakening  than  are  knots  which  are  sufficiently  far  from  the 
tension  face  to  allow  the  grain  to  be  continuous. 

On  account  of  the  great  number  of  variables  which  arise,  even  in 
carefully  selected  beams,  any  one  condition  of  knots  could  not  be 
isolated  in  order  to  determine  the  relative  weaknesses  caused,  for 
instance,  by  a  tight  or  a  loose  knot,  etc. 

Small  sticks  2  by  2  in.  in  cross-section  are  cut  from  the  parent 
beams  and  the  relation  of  the  strength  of  the  large  to  the  small  stick 
is  determined.  It  appears  in  general  for  the  large  run  of  sticks,  includ- 
ing merchantable  and  seconds,  that  the  strength  of  large  sticks  is  about 
70  per  cent,  of  the  strength  of  the  average  of  a  number  of  small  clear 
pieces   cut  therefrom. 
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3.     RELATIVE    STRENGTH    OF   COMMERCIAL   GRADES. 

When  a  shipment  of  sticks  is  received  from  the  mill,  each  stick  is 
graded  at  the  mill,  and  this  grading  is  checked  by  the  Engineer  of 
Tests  by  reference  to  the  published   grading   rules. 

Table  3  shows  the  relative  strength  of  the  three  commercial  grades 
of  Douglas  fir  and  western  hemlock,  both  green  and  partially  seasoned. 
The  sticks  are  graded  according  to  the  Export  Rules  of  the  Pacific 
Coast  Lumber  Manufacturers'  Association.  Table  3  states  the  strength 
of  the  merchantable  timber  and  seconds  in  per  cent,  of  the  select. 
Attention  is  called  to  the  relative  rate  of  growth  of  the  three  grades 
as  disclosed  by  the  column  headed  "rings  per  inch."  Thus  seleci 
Douglas  fir  has  18.8  rings  per  inch;  merchantable,  14.1,  and  seconds,  10.6. 
It  is  generally  true  in  large  timbers  that  knots  are  a  concomitant  of 
rapid  growth.  Rapidity  of  growth  is  not  necessarily  accompanied  by 
weakness.  Loblolly  pine  grows  rapidly,  yet  at  times  contains  in  its  wide 
rings  a  large  percentage  of  hard  and  heavy  summerwood  and  produces 
a  strong  timber. 

4.  GENERAL  TABLE  OF  STRENGTH  OF  LARGE  TIMBERS. 

Table  4  is  a  general  table  of  the  strength  of  structural  timber  in 
bending  as  determined  to  date  by  the  Forest  Service.  In  complete  form 
this  will  be  supplemented  by  a  statement  of  the  variation  to  be  expected 
in  practice.     Table  4  is  supplemented  by  Tables  3  and  5. 

5.     LONGITUDINAL  SHEAR. 

The  writer  has  pointed  out  in  Circular  32,  published  in  August, 
1904,  the  importance  of  limiting  unit  stresses  for  longitudinal  shear  in 
bridge  stringers.  It  was  early  recognized  in  the  tests  of  the  Forest 
Service  that  failures  in  longitudinal  shear  were  frequent  and  of  impor- 
tance, and  the  experiments  have  been  directed  to  a  determination  of  the 
stresses  under  which  such  timber  is  likely  to  fail  in  what  is  commonly 
called  longitudinal  shear. 

Table  5  is  a  resume  of  the  values  of  longitudinal  shear  developed 
in  various  kinds  of  sticks. 

6.     EFFECTS  OF  PRESERVATIVES. 

During  the  year  Circular  No.  39,  entitled  "Experiments  on  the 
Strength  of  Treated  Timber,"  was  issued,  describing  the  partial  results 
of  the  investigation  of  the  methods  of  preserving  timber  at  the  St.  Louis 
Exposition.     This  circular  is  not  to  be  judged  as  a  report  of  the  work 
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at  St.  Louis  in  its  entirety,  but  simply  pretends  to  describe  the  tests 
made  to  discover  the  laws  underlying  the  effect  which  the  cylinder 
operations,  and  the  preservative  fluids  themselves,  have  on  the  strength 
of  the  wood  fiber.  It  also  presents  tests  on  a  number  of  full-sized  ties 
which  had  been  through  the  cylinder.  It  is  the  expectation  of  the 
Forest  Service  to  extend  this  investigation  to  full-sized  bridge  timbers, 
such  as  stringers,  just  as  soon  as  some  of  the  other  problems  which 
are  now  under  way  have  been  measurably  completed.  The  investigation 
of  the  strength  of  large  sized  railroad  timbers  is  only  a  part  of  the  work 
of  the  Timber  Tests,  and  an  investigation  now  in  progress  of  equal 
magnitude  is  that  of  the  woods  used  in  the  vehicle  industry  and  of  the 
various   manufactured   parts    of   the   vehicles    themselves. 

For  the  purpose  of  obtaining  most  useful  data  something  more  is 
needed  than  a  collection  of  tests  of  bridge  stringers,  creosoted  or  treated 
otherwise.  After  an  experience  of  some  years  it  is  the  policy  of  the 
writer  not  to  test  any  large  timber  of  this  kind  until  the  important 
facts  of  its  history  are  known.  For  instance,  if  a  report  is  made  upon 
the  strength  of  a  bridge  stringer,  the  results  of  the  tests  should  be 
accompanied  by  information  of  the  degree  of  steaming  in  the  cylinder 
and  other  operations  in  order  that  the  engineer  may  determine  if  any 
exhibited  weakness  is  inherent  in  treated  timber,  or  is  due  to  a  defective 
method  of  treating. 

The  following  statements,  resulting  from  a  review  of  Circular  39, 
form  a  fairly  consistent  account  of  the  elements  which  govern  the 
strength  of  creosoted  wood  in  small  sizes. 

Confining  attention  to  creosoted  wood,  it  seems  apparent  that  an} 
change  of  strength  under  treatment  will  be  due  either  to  (a)  the  pre- 
liminary steaming  process,  or  (b),  the  process  of  creosoting  and  presence 
of  creosote. 

(a)  The  effect  of  steaming  upon  the  strength  of  the  wood  depends 
upon  its  pressure  and  duration.  The  action  of  either  one  of  these 
depends  upon  the  kind  of  wood.  A  light,  open  structure,  or  sapwood, 
suffers  more  than  a  close-grained  wood,  or  heartwood.  Seasoned  timber 
suffers   more   severely   than   green   wood. 

Formerly  it  was  thought  that  the  heat  of  the  steam  would  evaporate 
the  moisture  and  sap  in  the  cells.  It  is  doubtful  if  the  temperature 
rises  high  enough  in  the  tie  under  ordinary  conditions  of  steaming  to 
effect  this  evaporation.  There  is,  however,  a  leaching  effect  and  also  a 
heating  of  the  air  in  the  cells  whereby  the  sap  is  driven  out.  Mr. 
Octave  Chanute  and  Mr.  C.  G.  Crawford  have  recently  dealt  with  these 
matters  in  addresses  before  the  Memphis  meeting  of  the  Wood  Pre- 
servers' Association. 
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When  steam  is  applied  to  the  wood  and  is  condensed  the  fiber  takes 
up  more  water  than  that  found  in  green  timber.  In  other  words,  the 
fiber-saturation  point  described  above  is  raised,  and  just  as  green  timber 
is  weaker  than  dry  timber,  so  in  the  same  way  steamed  timber  is 
weaker  than  green  timber.  In  the  case  of  small  pieces,  within  undeter- 
mined limits  of  steaming,  which  depend  on  the  condition  and  kind  of 
wood,  the  strength  may  be  regained  when  the  wood  is  redried  to  its 
original  moisture  content.  There  is,  however,  a  permanent  change  of 
structure,  for  upon  resoaking  wood  that  has  been  steamed  and  dried 
the  increased  fiber-saturation  point  and  weakness  again  prevails.  The 
steam  pressure  may  be  high  enough  or  prolonged  so  unduly  as  to 
scorch  the  wood,  depending  upon  the  quality  of  the  wood  and  its 
condition  of  seasoning.  It  seems  from  the  generality  of  evidence  in 
Circular  39  that  a  steaming  for  4  hours  at  30  pounds  pressure,  or  for 
6  hours  at  20  pounds  pressure,  was  nearly  the  limits  of  safe  treatment. 
Mr.  Chanute  recommends  in  the  case  of  fresh  cut  wood  30  pounds  to 
begin  with,  and  20  pounds  toward  the  close  of  the  operation. 

It  is  generally  admitted  that  creosote  enters  only  the  openings  of 
the  cells  and  does  not  penetrate  or  impregnate  the  cell  walls  themselves, 
and  for  this  reason  creosote  of  itself  probably  has  no  effect  on  the 
strength  of  the  cell  walls.  It  only  acts  to  retard  the  seasoning  process, 
and  thus  creosoted  timber  will  have  the  strength  of  green  timber  if 
there  has  been  no  steaming  process,  or  will  have  the  strength  of  steamed 
timber.  Indeed  in  the  Rueping  process  it  is  possible  that  the  wood 
becomes  seasoned  in  the  cylinder,  and  thus  with  a  light  absorption  of 
oil  the  timber  may  be  stronger  after  the  process  than  before.  This  is 
not  a  unique  result  of  the  process,  but  might  be  accomplished  by  some 
other  non-steaming  process,    such   as    "boiling." 

Circular  39  gives  in  a  very  complete  manner  the  details  of  the  tests 
on  small  pieces  of  timber  tested  at  St.  Louis.  It  also  contains  the  re- 
sults of  tests  upon  full-sized  loblolly  pine  ties  that  had  been  steamed  and 
subjected  to  treatment  with  zinc  chloride  or  with  creosote.  This  table  is 
reproduced  in  Tables  6  and  7  below.  These  full-sized  ties  had  been  sea- 
soned for  about  one  year  after  treatment,  and  the  net  result  of  the  steaming 
was  to  diminish  the  strength  of  these  ties  under  the  various  kinds  of  tests 
applied  thereto.  The  creosoted  ties  represent  an  abnormal  impregnation 
of  28  pounds  of  creosote  per  cubic  foot.  The  modulus  of  rupture  of  this 
timber,  which  had  been  steamed  at  20  pounds  for  4  hours,  and  then 
treated  with  28  pounds  of  creosote  per  cubic  foot,  and  then  seasoned 
for  8  months,  was  69^^  per  cent,  of  the  strength  of  the  original  sea- 
soned ties.    This,  in  the  writer's  opinion,  "shows  mainly  the  effect  of  the 
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TABLE  7. 

AMOUNT  OF  WATER  AND  PRESERVATIVES  ABSORBED  BY  FULL-SIZED  SEASONED 
LOBLOLLY  PINE  TIES  DURING  THE  CYLINDER  TREATMENT. 


Treatment. 

Cylinder  condi- 
tions (steaming). 

Number 
of  ties. 

Weight   of    full -sized    ties 
(nominal  cross-section  6.75 
inches  to  9.25  inches) 

Refer- 

Period. 

Pres- 
sure 

Before 
steam- 
ing. 

After 
steam- 
ing. 

After 
treat- 
ment. 

No. 

Hours. 

f            4 

4 

\             4 
4 
4 

1            10 
4 
4 

Lbs.  per 
sq.  in. 
10 
20 
30 
40 
50 
20 
20 
20 
20 
20 

16 
16 
16 
16 
15 
16 
15 
16 
15 
15 

Pounds. 
132.1 
129.5 
136.6 
140.8 
134.8 
136.6 
128.7 
128.1 
135.7 
141.6 

Pounds. 
137.2 
136.4 
142.9 
148.9- 
139.1 
145.9 
139.5 
138.8 
140.^ 
146.2 

Pounds. 

1 

2 

Steam,  at  various  pressures 

3 

" 

4 

5 
6 

8team,  for  various  periods 

7 

8 

Creosote,  28  pounds  per  cubic  foot . 
Zinc  chlorid,  2.5  per  cent  solution. 

•237.2 
247.2 

9 
10 

creosote  in  preventing  the  natural  increase  of  strength  due  to  the  sea- 
soning of  the  tie.  It  has  been  stated  above  that  no  substantial  increase 
of  strength  can  be  expected  when  large  timbers  are  seasoned,  but 
railroad   ties   are   not   included   within    this   observation. 

After  having  recorded  the  above  observations  and  relations,  the 
writer  concludes  that  the  fiber  stresses  to  be  used  in  the  design  of 
trestles  constructed  of  creosoted  timber  can  only  be  determined  with 
some  degree  of  certainty  after  a  series  of  tests  shall  have  been  con- 
ducted on  large  timbers  of  bridge  material  that  have  been  treated  by 
the  improved  processes  prevailing  at  present. 


7.    TIME   EFFECT    OF    STRESS   ON    WOOD. 

The  preliminary  investigations  of  the  effect  of  stress  on  wood  were 
published  in  Trade  Bulletin  No.  lo,  which  is  reproduced  herewith. 
These  tests,  of  course,  are  on  small  pieces  of  wood,  and  only  disclose 
the  essential  laws.  Further  tests  on  large  material  should  be  made 
to  determine  if  these  laws  are  applicable  to  large  sticks,  or  whether 
other  factors  of  importance  arise  in  large  sticks  which  serve  to  mask 
these  essential  lav.'s.  It  has  been  the  experience  of  the  writer  that  the 
most  economical  way  to  attack  an  investigation  of  this  kind  is  to  first 
uncover  the  field  and  determine  these  essential  laws  by  tests  on  small 
sticks,  after  which  the  extent  of  their  application  can  be  determined. 

The  above  paper  only  refers  to  the  points  in  which  the  Timber 
Tests  of  the  Forest  Service  touch  the  interests  of  bridge  and 
2S 
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trestle  builders.  Such  work  does  not  constitute  a  majority  of  the 
investigations  under  way.  A  very  large  and  increasingly  important  part 
of  these  timber  tests  is  internal  to  the  Forest  Service  and  has  applica- 
tion to  the  determination  of  the  best  uses  for  the  timber  on  the  forest 
reserves,  which  now  cover  an  area  about  equal  to  one-twentieth  of  the 
area  of  the  United  States  and  Alaska,  and  from  which  the  revenues 
were   nearly  $1,000,000.00  last  year. 


TRADE     BULLETIN     NO.     10. 
UNITED     STATES     DEPARTMENT    OF    AGRICULTURE,    FOREST     SERVICE. 

EFFECT    OF     DURATION    OF     STRESS    ON    STRENGTH     AND 
STIFFNESS  OF  WOOD. 

It  has  been  established  that  a  wooden  beam,  which  for  a  short 
period  will  sustain  safely  a  certain  load,  may  break  eventually  if  the 
load  remains.  For  instance,  wooden  beams  have  been  known  to  break 
after  fifteen  months  under  a  constant  load  of  but  60  per  cent,  of  that 
required  to  break  them  in  an  ordinary  short  test.  There  is  but  little 
definite  and  systematic  knowledge  of  the  influence  of  the  time  element 
on  the  behavior  of  wood  under  stress. 

This  relation  of  the  duration  of  stress  to  the  strength  and  stiffness 
of  wood  is  now  being  studied  by  the  Forest  Service  at  its  timber- 
testing  stations  at  Yale  and  Purdue  universities.  The  investigation 
should  determine :  The  effect  of  a  constant  load  on  strength ;  the 
effect  of  impact  load  or  sudden  shock ;  the  effect  of  different  speeds 
of  the  testing  machine  used  in  ordinary  tests  of  timber  under  gradually 
increasing  load ;   and  the  effect  of  the  long-continued   vibration. 

To  determine  the  effect  of  constant  load  on  the  strength  of  wood 
a  special  apparatus  has  been  devised  by  which  tests  on  a  series  of 
five  beams  may  be  carried  on  simultaneously.  These  beams  are  2  by  2 
in.  in  section  and  36  in.  in  length,  each  under  a  different  load.  Their 
deflections  and  breaking  points  are  automatically  recorded  upon  a  drum 
which  requires  30  days  for  one  rotation.  The  results  of  these  tests, 
extending  over  long  periods  of  time,  may  be  compared  with  those  on 
ordinary  testing  machines,  and  in  this  way  safe  contents,  or  "dead" 
loads,  for  certain  timbers  ma}'  be  determined  as  to  breaking  strength 
or  limited   deflections. 

The  experiments  of  the  Forest  Service  show  that  the  effect  of 
impact  and  gradually  applied  loads  are  different,  provided  that  the 
stress  applied  by  either  method  is  within  the  elastic  limit  of  the  piece 
under  test.  For  example,  a  stick  will  bend  twice  as  far  without  show-' 
ing  loss  of  elasticity  under  impact,  or  when  the  load  is  applied  by  a 
blow,  as  it  will  under  the  gradually  increasing  pressure  ordinarily 
used  in  testing.  These  experiments  are  being  extended  to  determine 
the  general  relations  between  strength  under  impact  and  gradual  loads. 

Bending  and  compression  tests  to  determine  the  effect  of  the  speed 
of  application  of  load  on  the  strength  and  stiffness  of  wood  have  already 
been   made   at   the    Yale   laboratory. 

435 
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The  bending  tests  were  made  at  speeds  of  deflection  varying  from  2.3 
in.  per  minute  to  0.0045  in.  per  minute,  and  required  from  twenty  seconds 
to  six  hours  for  each  test.  The  woods  used  were  longleaf  pine,  red 
spruce  and  chestnut,  both  soaked  and  kiln-dried.  From  the  results  are  ob- 
tained comparable  records  for  difference  in  speeds  in  application  of 
load.  A  multiplication  of  the  results  of  any  test  at  any  speed  by  the 
proper  reduction  factor,  derived  from  these  experiments,  will  give 
equivalent  values  at  standard  speed.  The  tests  also  show  concretely 
the  variation  of  strength  due  to  variations  of  speed  liable  to  occur 
during  the  test  itself.  The  results  plotted  on  cross-section  paper  give 
a  remarkably  even  curve  as  an  expression  of  the  relation  of  strength 
at  the  higher  speeds.  A  numerical  expression  of  the  law,  averaging 
all  species,  both  wet  and  kiln-dry,  gives  the  following  table,  which 
shows   the   increase    in    strength    with    the    increase    of    speed    of   test : 

Minutes  to  move                                       Ratios  of  Ultimate  Strength. 

Crosshead  i  in.  Compression.  Bending. 

900  100  100 

350  100.8  100.9 

150  102.3  107.3 

40  106.9  1 10- 1 

5  II3-8  118.7 

The  first  column,  which  gives  the  number  of  minutes  required  to 
move  the  crosshead  of  the  testing  machine  over  the  space  of  one  inch, 
is  the  reciprocal  of  speed;  the  second  and  third  columns  give  the  effect 
of  this  increase  of  speed  upon  compression  and  bending,  respectively, 
and  show  that  strength  increases  with  speed.  The  strength  of 
the  lowest  speed  is  arbitrarily  fixed  at  100  as  a  convenient  basis 
for  comparison.  The  ordinary  bending-test  speed  for  small  specimens 
is  one-tenth  inch  per  minute,  or,  reciprocally,  10  minutes  are  required 
to   move   the   crosshead   one   inch. 

It  is  common  belief  among  polemen  that  the  continual  vibrations, 
to  which  telephone  poles  are  subjected,  take  the  life  out  of  the  wood 
and  render  it  brash  and  weak.  Nothing  is  definitely  known  as  to  the 
truth  or  falsity  of  this  idea.  Tests  will  be  undertaken  to  determine  the 
effect   of   constant  vibration   on   the   strength   of  wood. 

Forest  Service,   Timber   Test  Publications. 

Bulletin  70.  Effect  of  Moisture  on  the   Strength  and   Stiffness   of 

Wood. 

Circular  2)^.  Progress  Report  on  the  Strength  of  Structural  Timber. 

Circular  38.  Instructions   to  Engineers  of  Timber  Tests. 

Circular  39.  Experiments   on   the   Strength   of  Treated  Timber. 

Circular  46.  Holding  Force  of  Railroad  Spikes  in  Wooden  Ties. 

Circular  47.  Strength  of  Packing  Boxes  of  Various  Woods. 
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Tra(le  Bulletins. 

Holding  Power  of  Railroad  Spikes. 

Comparative  Strength   of  Green  Tamarack  and   Green   Nor- 
way  Pine. 

Tests  of  Vehicle  Woods. 

Eucalyptus   for   Timber.      * 

Effect  of  Moisture  on  the  Strength  and  Stiffness  of  Wood. 
No.  10.  Effect  of  Duration  of  Stress  on  Strength  and  Stiffness  of 

Wood. 
No.  II.  Resistance  of  Wood  to  Shock. 
No.  12.  The  Strength  of  Elm,  Oak,  and  Locust  Insulator  Pins. 


No. 

5- 

No. 

6. 

No. 

7- 

No. 

8. 

No. 

9- 

B— DISCUSSION    OF    REPORT    ON    STANDARD    NAMES    FOR 
STRUCTURAL     TIMBERS. 

Charles  W.  Berry  (Superintendent  of  the  Tie-Treating  Plant  of  the 
Union  Pacific  Railroad  Company,  at  Laramie,  Wyo. — By  letter.) — 
I.  "Southern  Yellow  Pine."  The  "Longleaf  Pine"  (Pinus  palustris) 
and  the  "Shortleaf  Pine"  (Pinus  echinata)  and  the  "Loblolly  Pine" 
(Pinus  tseda)  are  separate  and  distinct  species  of  pine,  having  very 
little  resemblance  to  one  another  in  the  wood  structure,  but  could  be 
classified   as   "Southern    Yellow    Pine." 

"Longleaf  Pine"  is  not  entirely  descriptive  of  quality,  but  is  the 
common  name  applied  to  "Pinus  palustris"  and  includes  the  "Longleaf 
Pine"  of  Virginia,  North  Carolina,  South  Carolina,  Georgia,  Alabama, 
Florida,  Mississippi,  Louisiana  and  Texas.  "Southern  Pine"  of  North 
Carolina,  Alabama,  Mississippi  and  Louisiana ;  "Yellow  Pine"  ;  "Turpentine 
Pine";  "Hard  Pine";  "Southern  Yellow  Pine";  "Southern  Hard  Pine"; 
and  many  other  colloquial  names  that  are  applied  to  the  same  species. 

"Shortleaf  Pine"  (Pinus  echinata)  is  inferior  to  the  "Longleaf  Pine" 
and  is  known  by  different  colloquial  names,  with  the  exception  of  "Yellow 
Pine"  which  seems  to  be  used  interchangeably  but  more  as  a  general 
term  than  as  a  name  to  separate  the  species. 

"Loblolly  Pine  (Pinus  tseda)  is  the  n^me  applied  to  the  third  division 
of  "Southern  Yellow  Pine,"  and  this  species  has  a  very  wide  range. 
Other  common  names  applied  to  the  Pinus  tseda  are  "Oldfield  Pine" ; 
"Bull  Pine"  (but  the  "Bull  Pine"  of  the  South  must  not  be  confused 
with  the  "Bull  Pine"  of  the  Northwest)  ;  "Bastard  Pine" ;  "Yellow  Pine" 
and  "Swamp  Pine."  "Loblolly  Pine"  is,  in  some  localities,  made  to  in- 
clude the  "Cuban  Pine"  (Pinus  heterophylla)  of  the  Southeast. 

The  writer  hardly  thinks  it  possible  to  make  the  term  "Soutliern 
Yellow  Pine"  cover  the  three  distinct  classes  of  timber  unless  they  are 
left  as  three  classes,  and  if  "Southern  Yellow  Pine"  is  to  include  the 
species  that  are  commonly  known  as  "Longleaf  Pine"  and  "Shortleaf 
Pine"  alone,  then  the  "Loblolly  Pine"  should  be  nut  in  a  class  of  its 
own,  separate  from  the  "Southern  Yellow  Pine." 

2.  The  term  "Douglas  Fir"  is  very  widely  known,  being  used  from 
the  Mississippi  River  westward,  and  almost  invariably  refers  to  the 
Pseudo  dotsuga  taxifolia  or  the  timber  to  which  Douglas  wished  his  name 
attached,  "Douglas  Spruce."  The  botanical  name  in  itself  means  "false 
spruce"  and  therefore  the  name  "Douglas  Fir"  can  be  properly  used  as 
referring  to  this  much  used  and  valuable  timber,  but  to  distinguish  the 
true  fir  of  the  west  from  the  "Douglas  Fir"   (Pseudo  dotsuga  taxifolia) 
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it  is  recommended  that  the  balance  of  the  firs  of  the  west  be  classified  as 
"Western  Fir,"  this  term  to  include  all  of  the  true  firs,  such  as  Abies 
lasiocarpa,  "Alpine  Fir" ;  Abies  grandis,  "Lowland  Fir" ;  Abies  concolor 
lowiana,  "Paleleaf  White  Fir";  Abies  amabilis,  "Amabilis  Fir";  Abies 
nobilis,  "Noble  Fir";  Abies  shastensis,  "Shasta  Fir";  and  Abies  magnifica, 
"Red  Fir." 

3.  The  "Norway  Spruce"  is  correctly  classified. 

4.  "Hemlock"  (Tsuga  canadensis)  is  correctly  classified  as  the 
hemlock  of  the  Eastern  States  up  to  and  including  Minnesota. 

5.  "Western  Hemlock"  (Tsuga  heterophylla)  is  very  appropriately 
classified  when  it  includes  the  hemlock  west  of  Minnesota,  ranging 
through  Montana  and  Idaho  to  Alaska  and  along  the  coast  range  to 
California. 

6.  "Spruce"  of  the  east  is  well  known  and  properly  classified. 

7.  "Western  Spruce"  should  include  all  the  spruces  w^est  of  IMinne- 
sota  with  the  exception  of  Pseudotsuga  taxifolia  w^hich,  as  previously 
stated,  should  be  known  as  "Douglas  Fir." 

8.  "White  Pine"  (Pinus  strobus)  is  well  known  and  properly  classi- 
fied as  including  the  pine  of  the  Eastern  States  from  Maine  to  Minnesota. 

9  and  10.  "Idaho  White  Pine"  (Pinus  albicaulis)  and  "Western 
White  Pine"  (Pinus  flexilis)  are  almost  identical,  very  little  difference 
in  the  wood  structure  and  practically  none  in  the  lumber  manufactured 
for  structural  purposes.  But  when  this  classification  of  "Western  White 
Pine"  is  made  to  include  the  "Western  Yellow  Pine"  and  "Ponderosa 
Pine"  or  such  species,  it  is  wrong,  for  the  "Western  Yellow  Pine"  is 
distinct  in  every  respect  from  "Western  White  Pine." 

A  classification  of  "W"estern  White  Pine"  would  include  the  Pinus 
flexilis  and  Pinus  albicaulis,  commonly  known  as  "White  Pine"  in  Colo- 
rado, California,  Nevada,  Utah  and  New  Mexico;  "Pine"  in  Utah  and 
Montana ;  "Rocky  INIountain  White  Pine"  in  California ;  "Rocky  Moun- 
tain Pine"  in  general  and  "Limber  Twig  Pine"  and  "Western  White 
Pine"  in  California. 

"Western  Yellow  Pine"  (Pinus  ponderosa)  would  include  the  timber 
commonly  known  as  "Yellow  Pine"  in  California,  Colorado,  Montana, 
Washington  and  Oregon;  "Bull  Pine"  in  California,  Washington,  Utah, 
Idaho,  Oregon,  Wyoming,  South  Dakota  and  Colorado;  "Big  Pine"  in 
Montana;  "Longleaf  Pine"  in  Utah  and  Nevada  and  "Western  Pitch 
Pine"  in  Wyoming  and  Colorado. 

There  is  such  a  difference  between  the  "Western  White  Pine"  and 
the  "Western  Yellow  Pine"  that  it  is  suggested  that  the  "Western 
Yellow  Pine"  be  made  a  separate  class  and  the  "Idaho  White  Pine" 
be  included  under  the  classification  of  "Western  White  Pine." 

It  might  be  well  to  separate  the  names  of  the  two  classes  of  western 
pine  by  calling  the  "Western  Yellow  Pine"  "Bull  Pine,"  which  is  the 
common  name  applied  to  Pinus  ponderosa  by  Mr.  George  B.  Sudworth, 
who  is  an  authority  in  dendrology. 
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II.  "Western  Larch"  (Larix  occidentralis)  ;  12  "Tamarack"  (Larix 
lariciua)  and  13  "Red  Wood"  (Sequoia  sempervirens)  are  all  properly 
and   appropriately   classified. 

Referring  to  that  portion  of  your  letter  relative  to  the  pine  we  are 
using  for  cross-ties :  This  pine  is  commonly  known  as  "Lodge-pole 
Pine"  (Pinus  murrayana)  and  should  not  be  included  in  either  the 
"Western  White  Pine"  class  nor  the  "Western  Yellow  Pine"  class,  but 
should  stand  in  a  class  by  itself,  for  it  is  distinctly  different. 

Mr.  George  B.  Sudworth  (Dendrologist,  Department  of  Agricul- 
ture— by  letter)  : — I  would  offer  the  following  comments  on  the  sug- 
gested standard  names   for  structural   timbers : 

1.  What  is  called  Slash  pine,  sometimes  Cuban  pine,  an  important 
species  of  yellow  pine  found  in  the  Coast  region  from  South  Carolina 
to  Florida,  and  mingled  more  or  less  with  shortleaf  and  longer  pine, 
should,  I  suggest,  be  included  under  "Southern  yellow  pine."  It 
often  forms  a  considerable  part  of  the  yellow  pine  product. 

2.  Oregon  pine,  Puget  Sound  pine,  red  spruce  (Colorado),  and 
Douglas  spruce  are  names  which  should,  I  think,  be  included  under 
your  general  term  Douglas  fir. 

3.  Should  also  include  what  [Minnesota  lumbermen  call  pig  iron 
Norway. 

6.  Should  include  the  statement  that  red  spruce  and  black  spruce 
are  included,  since  these  names  are  commonly  applied  by  lumbermen. 
In  many  localities  the  red  spruce  forms  the  principal  cut,  and  in  those 
it  is  known  only  as  red  spruce,  as  is  also  the  case  with  the  white  spruce 
in  some  parts  of  its  range. 

9.  "Idaho  white  pine"  is  a  misleading  name  and  should  be  modi- 
fied, if  possible,  to  some-thing  like  Western  white  pine,  for  the  reason 
that  the  timber  referred  to  does  not  come  entirely  from  Idaho,  but  also 
from  parts  of  Washington,  Oregon  and  California.  This  timber  has 
its  counter  part  in  the  Eastern  white  pine  which  passes  under  the 
market  name  of  white  pine.  To  call  the  Western  lumber  "Idaho  white 
pine"  seems  to  me  is  giving  undue  prominence,  if  not  doing  great  in- 
injustice,   to   the   other   important    sources    of   this   timber. 

10.  "Western  white  pine"  as  here  used  is,  in  my  judgment,  de- 
cidedly unfortunate,  not  to  say  misleading.  It  includes  timber  which 
is  in  no  sense  of  the  true  white  pine  group,  but  timber  which  belongs 
to  the  yellow  pine  group,  as  strictly  as  does  that  of  the  shortleaf  pine 
of  the  Southeast,  which  is  included  under  the  general  name  "Southern 
yellow  pine."  A  good  deal  of  the  so-called  "Western  white  pine"  is 
light,  soft  and  of  a  yellowish  white  color,  but  on  the  whole  the  timber 
is  a  yellow  pine  and  should,  I  feel,  go  under  the  name  of  Western 
yellow  pine,  for  the  sake  of  truthfulness  and  of  avoiding  confusion 
with  the  real  white  pine  timber. 

lo-a.     This  is   just   to   ask   what   has   become   of  sugar  pine,  a   true 
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white  pine,  which  suppHes  a  large  part  of  the  pine  cut  of  California. 
Does  the  Committee  include  it  under  "Western  w^hite  pine?" 

II.  Does  "Western  larch"  include,  in  addition  to  the  true  tama- 
rack or  larch  (Larix  occidentalis),  a  fir  lumber  in  Oregon  as  "Larch?" 
Strictly,  this  latter  tree  is  Abies  nobilis,  a  true  balsam,  in  no  way  like 
larch,  but  a  good  commercial  timber  superior  to  any  of  the  balsam 
or  the   timbers    found   in   the   East. 

13.  Should  either  include  both  the  Coast  redwood  (Sequoia  sem- 
pervirens)  and  the  Sierra  bigtree  (S.  Washingtoniana),  the  wood  of 
the  two  trees  being  known  as  "redwood,"  or  each  should  be  accounted 
for  separately.  The  bulk  of  redwood  timber  comes  from  the  Coast 
tree  and  is  held  by  lumbermen  there  to  be  superior  to  that  derived 
from  the  Sierra  bigtree,  which  is  a  distinct  species.  Objection  may 
be  made  by  Coast  people  to  including  with  their  product  that  from  the 
Sierra  tree.  I  believe,  however,  that  in  some  way  reference  should 
be  made  to  the  latter  product,  preferably  under  "redwood,"  if  this  does 
not  hurt  the  Coast  product. 

14-a.  Chestnut  oak  is  very  frequently  cut  and  sold  for  white 
oak.  Under  ordinary  inspection  it  is  likely  to  be  difficult  or  impossible 
to  distinguish  chestnut  oak  from  other  white  oaks  which  make  up  the 
commercial  output  of  white  oak.  I  am  of  the  opinion  that  it  is  imprac- 
ticable to  separate  this  wood  commercially,  especially  in  view  of  the 
fact  that  a  large  percentage  of  market  "white  oak"  is  red  oak  (Quercus 
rubra)  and  water  oak  (Q.  Nigra),  without  being  detected.  There  is, 
I  think,  very  much  less  chance  of  a  real  white  oak  timber  like  chest- 
nut  oak  being   detected   in    mi.xture   with   others   of  its    tribe. 


DISCUSSION. 

Prof.  H.  S.  Jacoby  (Cornell  University)  : — Mr.  President  and  Gen- 
tlemen :  The  first  work  of  the  Committee  relates  to  the  specifications 
for  workmansiiip  for  pile  and  frame  trestles  to  be  built  mider  contract. 
These  specifications  were  presented  in  different  form  to  the  Association 
at  the  last  convention,  and  objection  was  raised  to  them  on  the  ground 
that  they  contained  matters  relating  to  design  in  addition  to  workman- 
ship. They  were,  therefore,  referred  back  to  the  Committee  for  revision 
in  accordance  with  those  suggestions,  and  this  work  has  been  done  dur- 
ing the  year.  The  Committee  therefore  presents  the  specifications  in  the 
revised  form,  and  desires  that  they  shall  be  adopted  as  printed,  with  one 
slight  correction  in  paragraph  25.  Paragraph  25  was  changed  to  read  as 
follows:  "Ties  shall  be  framed  to  a  uniform  thickness  over  bearings,  and 
shall  be  placed  with  the  rough  side  upward.  They  shall  be  spaced  regu- 
larly, cut  to  even  length  and  line,  as  called   for  on  the  plans." 

Mr.  A.  Montzheiiner  (Elgin,  Joliet  &  Eastern)  : — In  paragraph  12, 
would  it  not  be  well  to  require  that  piles  be  peeled?' 

Mr.  R.  D.  Coombs  (Pennsylvania,  New  York  &  Long  Island)  : — The 
requirement  that  all  piles  should  be  peeled  might  more  properly  go  in 
the  timber  specifications,  if  it  is  desired ;  it  probably  would  not  meet  the 
approval  of  all  those  who  might  use  the  specification.  You  con  very  often, 
particularly  in  emergency  work,  get  unpeeled  piles  quickly,  and  there 
would  possibly  be  delay  in  having  them  peeled.  1  ran  up  against  that 
particular  point  last  year. 

Prof.  Jacoby: — The  attention  of  the  members  should  be  called  to 
the  fact  that  this  is  intended  to  be  a  specification  purely  for  workman- 
ship, and  not  for  material.  That  objection  was  raised  last  year  on  ac- 
count  of   containing   otiier   matters   than   those   relating   to   workmanship. 

Mr.  Duncan  MacPherson  (Transcontinental  Railway)  : — Paragraph 
15  requires  that  the  penetration  shall  be  one-half  inch  per  blow,  except 
in  soft  bottom.     Should  not  the  number  of  blows  be  mentioned? 

Prof.  Jacoby : — Five  blows  is  stated  in  the  paragraph. 

Mr.  O.  E.  Selby  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — I 
liave  not  a  copy  of  the  report,  but  I  recall  in  one  of  the  earlier  clauses 
it  is  provided  that  holes  must  be  bored  for  all  spikes  and  drift  bolts,  and 
diameter  of  the  hole  and  the  diameter  of  the  auger  to  be  as  specified  by 
the  engineer.  It  occurs  to  me  that  it  is  within  the  province  of  this  As- 
sociation to  specify  what  is  the  proper  diameter  of  hole  and  diameter  of 
the  auger.  It  leaves  it  to  the  discretion  of  the  engineer.  What  we  are 
here  for  is  to  draw  a  specification  that  the  engineer  can  use.     If  he  takes 
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a  specification  and  finds  something  that  is  left  to  his  determination,  he  is 
no  better  off  than  he  was  before.  Either  the  diameter  of  the  auger  should 
be  slightly  larger,  equal  to,  or  less  than  the  diameter  of  the  drift  bolt, 
and  it  seems  that  we  should  determine  which  is  best. 

Mr.  R.  H.  Reid  (Lake  Shore)  : — Paragraph  5  specifies  that  holes 
must  be  bored  for  all  spikes  and  dr^t  bolts.  For  ordinary  spikes  it  is 
preferable  not  to  bore  the  holes.  For  bolts,  boring  is  all  right.  Per- 
haps it  might  be  well  also  to  put  in  a  recommendation  as  to  the  size  of 
the  holes.  My  preference  would  be  to  use  an  auger  the  same  size  as  the 
bolts,  for  drift  bolts,  and  1-16  inch  larger  for  machine  bolts  having  nuts 
on  them  and  subject  to  change  from  time  to  time. 

Paragraph  23  speaks  of  the  edges  of  the  stringers — the  edges  with 
most  sap  to  be  placed  downward.  The  idea  probably  is  to  get  the  sap 
away  from  water  as  far  as  practicable,  and  also  from  fire.  .Another  ques- 
tion arises  in  that  you  are  reducing  the  bearing  of  the  stringer  on  the  cap, 
where  the  bearing  stress  often  runs  pretty  high.  That  is  the  cause  of 
failure  of  most  stringers,  the  crushing  on  the  cap  from  decay  at  the  end, 
and  at  the  joints.  It  would  be  better  to  put  the  sap  side  up  and  get 
the  bearing  on  the  cap.  There  is  always  plenty  of  bearing  for  the  ties, 
and  the  possibility  of  fire  would  be  eliminated  by  dressing  off  the  sap 
on  the  timber  as  it  shows  up. 

Paragraph  26  provides  that  the  guard  rails  shall  be  framed  as  called 
for  on  the  plans ;  the  question  is,  is  that  a  proper  name  for  what  is  in- 
tended? The  guard  rail  on  a  bridge,  as  I  understand  it,  is  the  inside  rail 
to  keep  derailed  cars  from  going  over  too  far.  The  guard  rail  referred 
to  here  is  what  we  call  on  the  Lake  Shore  road  the  ribbon ;  it  is  also 
called  bond  timber  and  various  other  names.  This  is  a  point  where  the 
Committee  can  render  a  service  by  suggesting  some  name  for  "ribbons," 
or  "guard  timbers"  to  distinguish  them  from  guard  rails.  There  is  con- 
siderable confusion  due  to  the  use  of  that  name  for  outside  timber  guard 
rails  and  for  the  ordinary  guard  rails. 

Mr.  H.  T.  Porter  (Bessemer  &  Lake  Erie)  : — Paragraph  23  specifies 
that  "Stringers  shall  be  sized  to  a  uniform  height."  Should  not  that 
be  limited  ?  According  to  my  experience  it  is  only  necessary  to  size  to 
uniform  height  where  the  stringers  rest  on  the  supports. 

Mr.  D.  W.  Lum  (Southern  Railway)  : — With  reference  to  the  size 
of  the  stringers,  almost  all  stringers  overrun,  and  it  is  necessary  to  size 
the  ends  where  the  bearing  is  on  the  cap,  and  if  there  is  some  sap  on 
the  stringer  and  the  sap  is  turned  down,  that  sizing  will  usually  dispose 
of  it,  so  that  the  bearing  is  really  heart  pine.  By  turning  the  sap  down 
the  danger  of  fire,  which  is  very  serious,  is  avoided.  Many  of  the  string- 
ers are  placed  near  the  rail,  and  coals  from  the  firebox  are  apt  to  fall  on 
the  stringers,  and  if  the  sap  be  on  the  upper  side,  within  a  year  it  becomes 
a  dangerous  element,  and  for  that  reason  it  seems  to  me  that  the  sap 
should  be  safely  removed  from  contact  with  hot  coals. 

The  President: — What  is  your  practice;  Mr.  Lum,  with  relation  to 
the  size  of  the  auger  in  regard  to  the  size  of  the  bolt? 
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Mr.  Lum : — It  is  about  as  stated  by  one  of  the  speakers.  For  drift 
bolts  which  are  driven,  the  diameter  of  the  auger  is  the  same  as  the  bolt ; 
but  where  there  is  a  nut,  the  diameter  of  the  auger  is  about  1-16  inch 
larger   than   the   bolt. 

Mr.  Selby : — My  idea  agrees  with  that  of  Mr.  Lum ;  we  make  the  dia- 
meter of  the  drift  bolt  the  same  as  the  hole,  that  is,  for  round  drift  bolts. 
In  the  case  of  square  drift  bolts,  we  make  the  auger  hole  1-16  inch  larger 
in  diameter  than  the  size  of  the  square  drift  bolt. 

Mr.  Coombs : — The  point  which  has  been  brought  out  in  regard  to 
the  size  of  the  hole  was  not  specified  for  the  reason  that  different  roads 
will  do  the  thing  in  different  ways,  and  it  seemed  to  be  better  to  leave 
the  matter  open.  To  a  certain  extent  it  is  workmanship,  of  course,  but 
it  is  also  to  a  certain  extent  design.  Personally,  I  have  always  used  the 
requirement  Mr.  Reid  mentioned,  a  tight  fit  for  a  drift  bolt,  and  about 
1-16  inch  larger  for  a  machine  bolt,  but  everyone  might  not  agree  to 
that,  and  therefore  we  left  it  open. 

In  regard  to  paragraph  23,  what  Mr.  Lum  stated  would  just  about 
cover  our  position  in  regard  to  that,  that  is,  the  sizing  was  intended 
to  be  at  the  bearings  so  as  to  get  a  fit,  get  a  plane, surf  ace,  and  get  right 
heights.  Timber  could  be  sized  a  hundred  miles  away  from  the  site,  if 
desired,  and  it  could  be  done  so  it  would  fit  and  give  a  plane  bearing. 

Mr.  Reid : — In  connection  with  the  sizing,  should  not  something  be 
provided  for  the  upper  surface  of  the  stringers?  The  sticks  frequently 
become  warped  and  more  or  less  out  of  surface,  sometimes  due  to  weather 
seasoning,  etc.,  and  sometimes  due  to  bad  sawing,  and  the  upper  surface 
should  be  sized.  On  the  Lake  Shore  road  we  bring  them  to  a  uniform 
bearing.  The  sizing  or  framing  is  done  on  the  under  surface,  but  the 
upper  surface  is  also  brought  to  a  uniform  bearing,  and  sometimes  we 
have  to  take  off  as  much  as  a  quarter  of  an  inch  from  some  of  the 
sticks.  On  contract  work  that  is  not  generally  done,  wnth  the  result  that 
the  stringers  do  not  have  uniform  bearing. 

The  President: — Is  the  sizing  done  after  the  stringers  are  in  place? 
Mr.  Reid : — The  stringers  are  sized  and  bolted  and   surfaced  before 
they  are  put  in  place. 

Mr.  Lum : — I  would  suggest,  in  paragraph  12,  that  the  rings  be 
furnished  by  the  contractor,  as  they  are  a  part  of  the  machinery  for  driv- 
ing the  piles ;  they  are  frequently  broken,  and  when  not  broken,  at  the 
completion  of  the  work  they  may  be  used  elsewhere.  We  have  consid- 
ered them  a  part  of  the  plant.  That,  however,  does  not  apply  to  the 
shoes,  as  they,  of  course,  remain. 

Mr.  Reid : — I  agree  with  Mr.  Lum  on  that  point,  that  the  rings 
really  are  a  part  of  the  pile-driving  outfit,  and  they  should  be  fur- 
nished by  the  contractor  or  the  pile  driver.  They  are  returned  to  him 
when  his  work  is  done,  and  if  they  are  broken  they  are  repaired  by  him. 
The  question  of  pile  points  or  shoes  is  another  matter.  In  a  general  way 
I   think  the  piles   are   better  off  without   steel   shoes,   even   if   they   are 
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driven  into  hard  pan.  It  is  better  to  drive  the  piles  as  far  as  you  can 
and  let  them  stand  there. 

Prof.  Jacoby : — It  may  be  well  to  inquire  whether  the  penetration  is 
measured  at  the  point  of  the  pile,  or  at  the  head  of  the  pile.  Next,  let 
paragraph  5  be  considered.  (Reading  paragraph  5.)  Careful  tests  have 
shown  that  if  it  is  desired  to  develop  the  full  strength  of  the  drift  bolt 
by  adhesion  to  the  sides,  the  area  of  the  hole  should  be  closely  66  per  cent, 
of  the  diameter  of  the  bolt.  The  speaker  does  not  understand  that  it  is 
desired  in  trestle  construction  to  develop  the  full  strength  of  the  drift 
bolt  to  resist  a  direct  pull.  Is  there  any  uniformity  in  practice  in  the  rel- 
ative diameters  of  hole  and  bolt?  If  it  is  the  general  practice  to  make 
the  size  of  the  hole  equal  to  that  of  the  drift  bolt,  that  specification  may 
be  easily  inserted.  The  speaker  would  like  to  inquire  concerning  the  use 
of  machine  bolts:  Is  it  not  true  that  when  they  are  employed  the  mem- 
bers connected  shall  be  kept  from  sliding  past  each  other;  in  other 
words,  that  the  bolt  is  to  resist  shearing?  In  that  case  ought  there  not  to 
be  a  fairly  tight  fit?  What  is  the  practice  on  other  roads?  Several 
members  have  stated  that  they  make  the  hole  1-16  inch  larger  than  the 
diameter  of  the  bolt. 

Mr.  Reid : — Do  you  refer  to  making  the  holes  for  the  drift  bolt 
smaller  than  the  size  of  the  bolt?  If  you  do  that  you  will  split  the  timber 
almost  invariably. 

Prof.  Jacoby: — No  reference  is  made  to  that.  The  idea  of  the  spec- 
ifications is  to  let  the  engineer  give  instructions  about  that  detail  in  ac- 
cordance with  his  practice.  If  this  practice  is  so  uniform  that  the  mat- 
ter can  be  agreed  upon,  it  might  be  inserted. 

The  President : — In  order  that  the  sense  of  the  convention  can  be 
had  on  this  matter.  Prof.  Jacoby  will  take  up  some  of  the  suggestions 
in  their  order.  If  the  Committee  feels  that  it  can  adopt  the  suggestions, 
and  no  objection  is  made,  they  will  be  included  and  accepted  as  satis- 
factory. If  not,  suggestions  can  be  made  and  the  matter  put  to  vote,  in 
order  that  progress  can  be  made. 

Prof.  Jacoby: — The  Committee  is  willing  to  insert,  for  drift  bolts, 
"the  size  of  the  hole  shall  be  equal  to  that  of  the  drift  bolt." 

The  President : — That  refers  to  paragraph  5,  page  9. 

Prof.  Jacoby: — As  the  chairman  understands  it,  a  distinction  would 
have  to  be  made  between  round  and  square  drift  bolts.  To  what  ex- 
tent are  square  drift  bolts  used?  Has  any  one  information  to  present  on 
that  question? 

Mr.  Reid : — We  have  not  made  use  of  the  square  drift  bolt  for  sev- 
eral years.  On  our  road  the  round  drift  bolt  is  used  exclusively.  They 
are  more  economical,  and  quite  as  satisfactory.  I  know  of  no  case  where 
a  round  bolt  would  not  serve  the  purpose  even  better  than  a  square 
one  as  far  as  holding  power  is  concerned.  They  fill  the  entire  surface 
of  the  hole  into  which  they  are  driven,  which  is  not  the  case  with  a 
square  bolt. 

Mr.  Lum : — That  is  our  experience  also. 
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The  President: — As  the  correction  to  paragraph  5  also  tatces  in  tlie 
question  of  the  advisabihty  of  boring  for  spikes,  the  Committee  requests 
the  opinion  of  the  members  on  the  matter.  The  chair  will  state  that  his 
practice  has  been  not  to  bore  for  spikes. 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — I  move  that  paragraph  5 
be  adopted  as  reported  by  the  Committee. 

Mr.  W.  B.  Storey,  Jr.  (Santa  Fe)  : — I  would  suggest  that  the  re- 
quirement of  boring  for  all  spikes  and  drift  bolts  be  modified. 

The  President: — Do  you  desire  to  offer  an  amendment  or  a  correc- 
tion?    That  is  the  way  it  now  reads. 

Mr.  Storey:— I  simply  wish  to  call  the  attention  of  the  members  to 
the  requirement. 

Mr.  MacPherson : — It  seems  to  me  it  would  be  a  waste  of  labor  to 
bore  for  small  spikes. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — Are 
we  expected  to  vote  on  that?     If  so,  we  ought  to  change  it. 

The  President : — The  motion  is  to  vote  on  it  as  it  stands.  It  is 
open  to  amendment. 

Mr.  McDonald : — I  move  to  amend  the  paragraph  by  striking  out 
the  words  "spikes  and  drifts,"  and  make  it  read,  "Holes  must  be  bored 
for  all  bolts." 

(The  motion  was  carried.) 

The  President : — The  motion  having  been  carried,  paragraph  5  will 
read :  "Holes  must  be  bored  for  all  bolts.  The  depth  of  the  hole  and 
the  diameter  of  the  auger  to  be  as  specified  by  the  engineer." 

The   next   paragraph   to   which   objection   has   been   made   is   No.    12. 

Mr.  Montzheimer : — I  move  that  the  paragraph  be  amended  by  add- 
ing, "the  bark  of  piles  to  be  peeled  above  the  ground."  In  paragraph  11 
the  contractor  is  required  to  remove  all  refuse  material  and  rubbish. 
The  bark  on  piles  is  dangerous  on  account  of  fire,  and  the  piles  should 
therefore  be  peeled  above  the  ground  line  and  the  bark  removed. 

Mr.  Reid : — In  reference  to  peeling  the  pile  above  the  ground  line, 
I  would  recommend  peeling  the  full  length.  You  get  a  better  grip  in 
the  ground  with  a  peeled  pile  if  it  is  peeled  before  it  is  put  in.  If  it  is 
put  in  the  ground  with  the  bark  on,  the  bark  will  loosen  up  and  the 
pile  v/ill  slip  in  the  bark.  I  have  seen  that  occur  many  times,  and  while 
the  pile  with  the  bark  on  will  hold  better,  as  long  as  the  bark  is  in  place, 
I  think. eventually  the  peeled  pile  will  hold  best. 

Prof.  Jacoby: — Is  it  desired  to  refer  to  this  matter  in  the  specifica- 
tions for  workmanship  as  Avell  as  of  the  material? 

Mr.  Reid. — That  depends  on  how  you  buy  your  piles.  If  the  railroad 
company  furnishes  piles  with  the  bark  on,  it  would  be  the  province  of 
the  contractor  to  peel  them,  unless  provided  in  the  specifications.  If  the 
contractor  furnishes  piles,  then  the  specifications  would  cover. 

Mr.  Lum: — The  third  paragraph  does  not  include  furnishing  the  ma- 
terial. It  only  specifies  labor,  tools,  machinery,  supplies,  outfit,  etc.,  so  that 
the  contractor  doing  this  work  does  not  furnish  the  material. 
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The  President : — The  motion  not  having  received  a  second,  it  is  not 
before  the  meeting  for  action.  Is  any  action  desired  on  this  paragraph 
12?  A  number  of  suggestions  have  been  made,  particularly  w'ith  reference 
to  the  steel  bands  and  the  points. 

Mr.  Berg: — I  move  that  the  words  in  paragraph  12.  "'rings  and,"  be 
stricken  out.  » 

(The  motion  was  carried.) 

Prof.  Jacoby: — In  paragraph  23,  would  it  be  better  to  state  that 
stringers  shall  be  sized  to  a  uniform  bearing,  thus  replacing  the  word 
"height?"     Is  that  desired  by  those  who  have  criticised  the  present  form? 

Mr.  Porter: — I  would  suggest  that  it  be  made  to  read,  ''Stringers 
shall  be  sized  to  a  uniform  height  where  they  rest  upon  supports."  The 
reason  I  do  not  use  the  term  "bearing"  is  that  there  are  a  great  many 
bearing  points  on  a  stringer — the  top,  bottom,  side  and  ends ;  therefore 
I  prefer  to  use  the  words  "where  they  rest  upon  supports,"  if  uniform 
height  is  to  be  specified. 

The  President : — Do  you  make  that  as  a  motion  to  amend  ? 

Mr.  Porter  : — Yes,  sir. 

The  President, — The  Committee  accepts  the  suggestion ;  however,  the 
Committee  prefers  the  expression,  "at  supports."  Unless  there  is  ob- 
jection, the  paragraph  will  be  amended  accordingly. 

Mr.  MacPherson : — I  would  suggest  omitting  the  words  "If  re- 
quired" in  paragraph  23. 

Mr.  Coombs : — That  requirement  was  not  placed  in  the  specifications 
because  it  would  be  apparently  calling  for  a  certain  design,  and  that  was 
what  we  were  trying  to  eliminat'e  from  the  specifications.  We  were  try- 
ing to  get  w^orkmanship,  and  if  w-e  take  out  the  words  '"if  required,"  we 
have  practically  designed  the   st3'le  of  construction. 

Mr.  MacPherson: — It  seems  to  me  it  is  onlj'  a  general  principle  that 
you  are  enunciating  when  you  say  "the  stringers  shall  be  separated."  It 
would  be  bad  practice  to  put  them  close  together. 

Mr.  Lum : — Before  this  motion  is  voted  on  I  want  to  ask,  will  it  not 
open  up  many  other  questions  of  design  for  trestles?  As  I  understand 
it,  the  Committee  throws  this  out  as  a  suggestion  that  spools  and  separa- 
tors may  be  used  if  required,  but  they  do  not  specify  that  it  is  necessary. 
If  they  specify  that  spools  and  separators  must  always  be  used,  why 
should  they  not  specify  the  size  of  the  cap,  or  the  stringer,  or  the  number 
of  stringers,  or  where  bolts  and  spikes  must  be  placed? 

Mr.  Reid : — It  seems  to  me  that  is  a  question  of  design. 

Mr.  MacPherson : — If  that  is  the  case,  then  the  lines  immediately 
above  should  be  amended,  as  they  mention  laying  the  stringers  with  alter- 
nating joints,  which  surely  is  a  question  of  design. 

The  President : — The  Committee  asks  tliat  you  read  the  succeeding 
paragraphs. 

Mr.  Coombs. — Mr.  Lum  has  stated  the  exact  position  of  the  Com- 
mittee in  regard  to  "if  required;"  that  is,  the  Committee  wished  to  call 
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attention  to  putting  in  spools  or  separators  as  being  desirable,  but  did  not 
wish  to  specify  it  as  a  requirement. 

Mr.  McDonald: — I  think  it  ought  to  remain  as  it  is  for  the  reason 
that  that  particular  item  is  something  there  ought  not  to  be  any  doubt 
about  at  all.  Stringers  ought  never  to  be  packed  together,  and  if  we  leave 
in  the  words  "if  required,"  we  may  lead  someone  on  the  outside  to  un- 
derstand that  sometimes  we  think  they  ought  not  to  be  packed  together, 
and  in  this  case  I  think  we  ought  to  make  an  exception  and  strike  out 
the  words  "if  required." 

Mr.  Reid : — If  you  provide  for  the  separators,  is  it  not  necessary  to 
specify  how  thick  they  shall  be?  If  a  contract  for  a  trestle  is  let  at  so 
much  per  pound  for  iron,  the  contractor  may  use  cast-iron  separators  six 
inches  thick.  I  have  noticed  stringers  packed  with  6-inch  spools,  and  it 
makes  a  very  wide  stringer,  where  three  pieces  are  used.  There  is  no 
question  but  that  stringers  should  have  separators,  but  should  not  the  size 
be  specified? 

Mr.  Berg: — Answering  Mr.  Reid,  the  contractor,  under  these  spec- 
ifications, does  not  furnish  the  separators. 

Prof.  W.  K.  Hatt  (Purdue  University)  : — Do  these  specifications  ap- 
ply to  creosoted  trestles?  In  that  case,  are  not  these  trestles  sometimes 
built  with  stringers  laid  solid,  in  which  case  separators  are  not  required? 

Mr.  Coombs : — As  it  stands  now,  the  clause  seems  to  us  to  be  ap- 
plicable to  more  cases  than  if  the  words  "if  required"  were  omitted,  as 
Prof.  Hatt  says,  which  would  cover  that  case.  We  endeavored  to  avoid 
inserting  any  clause  or  any  wording  that  would  seem  to  renew  the 
trouble  of  last  year,  the  question   of  design  instead  of  workmanship. 

Mr.  A.  K.  Shurtleff  (Chicago,  Rock  Island  &  Pacific)  :— I  believe 
the  whole  clause  could  be  left  out,  as  paragraph  3  provides  that  the 
structure  should  be  in  strict  accordance  with  the  plans.  The  plans  cer- 
tainly would  show  that  you  intended  to  use  spools  and  bolts,  and  it 
would  also  show  that  you  intended   to   use   lap  joints   for  the  stringers. 

The  President : — Are  you  ready  for  the  question  on  the  original 
motion  to  strike  out  the  words  "if  required." 

Mr.  Storey: — In  lieu  of  all  previous  motions,  I  would  move  to 
amend  the  paragraph  to  read  as  follows :  "Stringers  shall  be  sized  to  a 
uniform  height  at  supports.  The  edges  with  most  sap  shall  be  placed 
downward."     The  question  of  design  will  thus  be  omitted. 

The  President : — You  have  heard  the  motion.  Are  you  ready  for  the 
question  ? 

(The  motion  was  carried.) 

Mr.  J.  P.  Snow  (Boston  &  Maine)  : — I  would  like  to  ask  the  Com- 
mittee what  the  word  "jack"  in  paragraph  24  means — jack  arms  on  a 
steam  shovel  are  understandable,  but,  of  course,  we  do  not  put  hoisting 
jacks  under  stringers,  and  I  was  wondering  if  there  was  any  real  reason 
for  calling  those  side  stringers  "jack  stringers." 

Mr.  Coombs: — I  think  you  might  call  that  a  trade  name;  perhaps 
"safety  stringer"  would  be  better. 
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Mr.  Berg: — That  is  given  in  the  definitions  heretofore  published  in 
the  Manual. 

The  President : — The  chair  would  say  he  has  known  stringers  of  that 
kind  by  the  name  of  "jacks"  ever  since  he  has  been  working  on  wooden 
trestles. 

Prof.  Jacoby : — In  regard  to  item  26,  the  Committee  desires  to  change 
the  word  "rails"  to  "timbers" — "guard  timbers  shall  be  framed  as  called 
for   upon   the   plans,"    etc.,   as   being   somewhat   more    definite. 

Mr.  Reid : — Paragraph  25  says,  "Ties  shall  be  surfaced  to  a  uniform 
thickness."  Has  it  been  decided  to  interpolate  the  word  "bearings," 
or  to  surface  them  for  the  entire  length?  My  own  opinion  is  it  is  bet- 
ter to  frame  them  a  uniform  depth  for  bearings,  leaving  the  shoulder 
to   hold  the  tics   in   line  on  the  stringers. 

Prof.  Jacoby : — In  reading  the  specifications  it  was  distinctly  stated 
that  a  change  was  to  be  made  from  the  printed  form  so  as  to  read 
as  follows :  "Ties  shall  be  framed  to  a  uniform  thickness  over  bear- 
ings, and  shall  be  placed  with  the  rough  side  upward,"  etc. 

The  President: — That  changes  the  form  of  the  printed  article,  but 
represents  the  Committee's  desires.  If  there  is  no  objection  to  that 
wording  of  paragraph  25,  we  will  take  up  the  question  of  paragraph  26. 
Mr.  Berg: — I  desire  to  call  attention  again  to  our  published  defi- 
nitions adopted  heretofore.  The  term  "guard  rail"  is  used  and  en- 
dorsed. 

»Mr.  J.  B.  Jenkins  (Baltimore  &  Ohio)  : — In  view  of  the  adopted 
definition  of  the  guard  rail,  I  would  suggest  changing  this  to  read, 
"Timber  guard  rails." 

The  President : — It  has  been  moved  to  amend  paragraph  26  to  read, 
"Timber  guard  rails,"  etc. 

Mr.  Storey : — I  would  amend  that  further  by  striking  out  the 
words,  "and  spliced  at  each  joint  by  a  half  and  half  splice  over  a 
tie,"   that  being  a   matter    of   design. 

The  President: — There  was  no  objection  made  to  the  addition  of 
the  word  "timber"  preceding  the  words  "guard  rails."  If  the  Com- 
mittee will  accept  that,  the  chair  assumes  that  Mr.  Berg  will  withdraw 
his  motion.     Mr.   Storey's  motion  will  therefore  be  in  order. 

Mr.  Snow: — It  seems  to  me  we  are  almost  too  much  afraid  of 
touching  on  design.  In  making  the  drawings  for  every  pile  trestle  we 
do  not  always  show  the  half  and  half  splice  in  the  guard  timber.  It 
seems  to  me  it  is  well  enough  to  leave  it  as   it   is. 

Mr.  Reid : — I  agree  with  ^Ir.  Snow,  that  while  this  may  be  shown 
in  the  design,  there  are  manj'  designs  for  contract  work  that  do  not 
show  the  joints. 

Mr.  Storey : — I  know  of  certain  roads  who  do  not  design  their 
guard  rail  in  that  way,  and  they  have  an  entirely  different  joint.  On 
that  account  I  do  not  think  the  question,  should  come  up  at  the  pres- 
ent time. 

29 


450  WOODEN    BRIDGES    AND    TRESTLES. 

Mr.  C.  F.  Loweth  (Chicago,  Milwaukee  &  St.  Paul)  : — I  agree  with 
Mr.  Storey  in  that.  I  do  not  think  it  necessary  in  specifications  for 
workmanship  to  specify  how'  the  guard  rails  shall  be  spliced ;  further- 
more, if  we  are  going  to  make  plans,  they  ought  to  show  whether  the 
guard  rail  is  to  be  used. 

The  President : — It  is  moved  that  paragraph  26  be  amended  by 
striking  out  "and  spliced  at  each  joint  by  a  half  and  half  splice  over 
a  tie,"  as  being  a  matter  of  design. 

(The  motion  was  carried.) 

The  President : — The  next  in  order  is  the  adoption  of  conclusion 
No.    I. 

Prof.  Jacob}- : — The  first  conclusion  relates  to  the  specifications 
for  workmanship. 

Prof.  W.  D.  Pence  (University  of  Wisconsin)  : — Item  No.  12  was 
passed,  but  I  wish  to  inquire  in  regard  to  the  use  of  a  metal  follow'er 
in  driving  piles.  Such  use  is  undoubtedly  good  practice  and  has  been 
followed  quite  extensively  w'ith   satisfactory   results. 

Mr.  Reid : — I  would  not  recommend  providing  for  that  in  the 
specifications  because  the  work  must  be  done  to  the  satisfaction  of 
the  engineer,  and  if  piles  after  driven  are  badly  battered  up,  the  work 
will  be  rejected.  I,  therefore,  think  that  it  should  be  left  to  the  con- 
tractor whether  to  use  a  driving  cap  or  band  the  piles. 

Mr.  Coombs: — This  is  a  specification  for  workmanship,  and  the 
kind  of  rigging  the  contractor  uses  is  immaterial  to  the  framers  of  the 
specification. 

Prof.  Pence : — Unless  ■  the  clause  as  written  gives  to  the  engineer 
the  right  to  require  a  special  device,  and  the  device  I  have  mentioned 
w^ould  come  up  as  a  matter  of  protection  or  efficiency  of  driving. 

Mr.  Coombs : — Do  you  mean  to  put  it  in  as  a  possibility  or  an 
alternative?     We  could  hardly  require  it. 

The  President : — A  motion  is  in  order  to  accept  these  specifications 
under  the  heading  of  conclusion   No.   1. 

Mr.  Berg : — I  move  the  acceptance  of  conclusion  No.   i  as  amended. 

(The    motion    was    carried.) 

Prof.  Jacoby: — The  next  work  of  the  Committee  relates  to  stand- 
ard defects  of  structural  timber.  These  definitions  have  been  adopted 
by  the  Committee  on  Structural  Timbers  of  the  American  Society  for 
Testing  Materials,  and  after  investigation  it  was  thought  desirable  to 
present  them  to  this  Association  for  adoption  in  practically  the  same 
form.  It  consists  of  a  series  of  definitions  in  regard  to  the  defects  of 
structural  timbers,  so  that  reference  to  them  may  be  made  in  future 
specifications. 

The  President : — The  chair  desires  to  state  that  under  the  ruling 
action  can  be  had  on  the  definitions  either  as  a  whole  or  separately; 
but  that  no   discussion   can   be   had   on   the   definitions    on   the    floor.     If 


WOODEN    BRIDGES    AND    TRESTLES.  451 

objection  is  had  to  either  of  the  definitions  submitted,  it  must  be  taken 
up  by  correspondence  witli  the  Committee. 

Mr.  McDonald : — I  move  the  adoption  of  the  definitions  as  a  whole. 

Mr.  MacPherson : — Do  I  understand  that  we  may  not  make  ob- 
jections? 

The  President: — Only  by  corresJ)ondence.  If  there  is  any  objection, 
that  particular   definition   can  be   ruled   out. 

Mr.  MacPherson : — The  word  "standard"  might  be  changed  to 
"classified." 

The  President : — That  does  not  seem  to  be  a  material  point.  Mr. 
McDonald's  motion  is  to  accept  these  definitions  as  the  sense  of  the 
Association  as  they  stand ;  in  other  words,  to  accept  conclusion  No.  2. 
If  you  desire,  you  can  make  a  motion  to  amend  conclusion  No.  2  by 
changing  the  word  "standard"  to  something  else. 

Mr.  MacPherson: — That  is  what  I  desire.  One  well  understood 
meaning  of  the  word  "standard"  is,  of  course,  something  by  which 
others  arc  measured  or  compared,  and  no  exception  can  be  taken  to 
the  use  of  the  word  in  that  sense  by  the  Committee ;  but  on  the  other 
hand,  tliere  is  another  very  general  meaning  for  the  word  "standard" 
on  the  railroad,  where  it  usually  means  something  which  has  been 
selected  for  its  superiority  over  everything  else  of  a  similar  nature, 
and,  for  that  reason,  adopted  as  a  standard.  For  this  reason  it  appears 
that  the  word  "standard"  certainly  should  not  be  used  when  speaking 
of  defects.  The  word  "classified"  in  the  heading  would  express  the 
meaning  the  Committee  wish  to  convey  without  being  open  to  any 
objections.  Another  objection  to  the  use  of  the  word  "standard"  in  the 
heading  is  that,  after  enumerating  ten  different  kinds  of  knots  from 
sound  to  rotten  ones,  one  only  is  called  a  standard  knot,  whereas,  if 
the  present  heading  is  adhered  to,  they  are  all  standard  knots,  which  is 
a  meaning  that  I  am  sure  the  Committee  have  no  wish  to  express. 

Mr.  ]\IcDonald: — That  very  term  is  used  throughout  the  classifica- 
tions for  lumber  in  this  country.  They  are  called  standard  defects, 
and  further  down  here  you  will  find,  in  No.  7,  "standard  knot,"  and 
furthermore  this  has  been  threshed  over  by  the  American  Society  for 
Testing  Materials,  and,  I  think,  largely  by  our  own  Committee,  and  it 
certainly  ought  not  to  be  thrown  out  on  account  of  an  immaterial 
thing. 

Mr.  Berg: — I  understand  that  this  list  of  standard  defects  has 
been  either  adopted  or  it  is  included  in  the  report  of  a  sub-committee 
of  the  American  Society  for  Testing  Materials.  Has  the  Society  for 
Testing  Materials  actually  adopted  these  definitions  as  they  are  printed 
here  as  a  finality? 

Prof.  Jacoby : — It  was  adopted  by  the  society  named  at  a  meeting- 
held  last  June. 

Mr.  Berg: — Therefore,  as  I  understand  it,  if  we  vary  from  the 
wording  as  presented,  we  are  not  uniform 'with  the  conclusions  of  that 
society. 
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The  President : — The  chair  has  heard  no  second  to  Mr.  Mac- 
Pherson's  amendment;  therefore  the  question  before  the  house  is  on 
Mr.  McDonald's  first  motion — the  question  on  the  adoption  of  con- 
clusion No.  2. 

(The  motion  was  carried.) 

The  President : — The  chairman  of  the  Committee  desires  to  state, 
in  reference  to  conchision  No.  3,  "Standard  Names  for  Structural 
Timber,"  that  if  you  will  refer  to  page  19  of  this  report  you  will  find 
the  ordinary  accepted  names  for  timbers  of  the  various  classes  carried 
out  with  a  description  of  the  timber,  so  that  conclusion  No.  3  refers 
to   pages    19   and   20. 

Prof.  Jacoby: — It  might  be  added  that  the  Committee  went  over 
this  subdivision  into  the  three  classes  of  Southern  yellow  pine  very 
carefully  and  the  majority  of  the  Committee  were  in  favor  of  main- 
taining the  three  classes  on  the  basis  of  botanical  species.  It  was 
understood  that  loblolly  pine  is  used  very  seldom  in  untreated  form, 
and  that  to  depart  from  a  classification  by  species  is  to  enter  a  very 
doubtful  field.  The  Committee  was  in  favor  of  observing  three  classes, 
although  practically  it  will  not  make  any  difference,  since  loblolly  pine 
is  used  so  seldom,  the  life  of  loblolly  being  only  about  40  per  cent,  of 
that  of  shortleaf  pine. 

In  paragraph  10  the  Committee  desires  to  eliminate  the  word 
"white"  after  Western  and  thus  make  it  read  simply  "Western  pine." 
Attention  is  called  to  the  statement,  in  the  first  part  of  the  report, 
which  declares  that  the  names  arranged  on  pages  19  and  20  are  the 
same  as  those  adopted  by  the  American  Society  for  Testing  Materials  at 
the  last  meeting  in  June,  with  the  slight  exception  of  the  item  to  which 
special  attention  was  called,  namely,  the  third  subdivision  of  Southern 
yellow  pine  or  loblolly  pine.  In  considering  this  nomenclature  the 
Committee  took  it  up  independently,  made  investigations  and  became 
satisfied  that  this  Association  should  also  adopt  these  names,  because 
it  would  simplify  the  work  for  the  future.  Since  these  Western  tim- 
bers particularly  will  come  more  extensively  into  the  Eastern  markets, 
it  will  help  to  avoid  misunderstanding  between  the  buyer  and  the  seller. 
This  is  in  harmony  with  the  investigations  and  recommendations  that 
have  been  made  by  the  Forestry  Service  for  a  number  of  years,  and  of 
other  experts  who  have  worked  upon  this  problem.  Some  of  the 
members  of  the  Committee  of  the  Society  for  Testing  Materials  are  also 
members  of  this  Association  and  have  done  a  great  deal  of  work  in 
connection  therewith. 

Mr.  Storey; — I  would  like  to  call  attention  to  the  definition  of 
redwood.  It  is  written  as  two  words.  In  California  it  is  always  writ- 
ten as  "redwood."  I  do  not  know  how  those  other  societies  may  have 
used  it,  but  that  is  the  way  it  is  used  in  the  country  where  it  grows. 

Prof.  Jacoby : — The  chairman  thanks  Mr.  Storey  for  calling  atten- 
tion to  that.     It   is  a  typographical  error. 
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]Mr.  Berg : — I  understand,  from  the  chairman's  remarks  a  moment 
ago,  that  the  names  to  be  adopted  are  practically,  with  the  exception 
noted  by  the  chairman,  the  action  of  a  sub-committee  of  the  Society  for 
Testing  IMaterials,  and  that  such  action  is  final;  that  it  was  equivalent 
to  adoption  by  that  society. 

Prof.   Jacoby : — It  was   adopted  By  the  society. 

Mr.  Berg : — I  also  understand  that  the  society  endorsed,  under  the 
head  of  Douglas  fir,  the  numerous  varieties  of  local  names  mentioned 
in  paragraph  2,  and  that  no  distinction  was  made  between  the  strength 
and  characteristics   of  yellow  fir  and   red  fir. 

Prof.  Hatt : — I  am  not  clear  as  to  the  action  of  tl;e  American 
Society  for  Testing  Materials.  Its  comimittee  has  not  made  a  final 
report,  but  a  preliminary  report,  which  was  accepted  by  the  association. 
I  am  not  clear  that  the  society  has  finally  acted  upon  these  definitions. 

With  respect  to  Southern  yellow  pine,  it  has  been  my  observation 
that  in  the  lumber  j-ards  on  the  Atlantic  Coast  there  are  two  piles  of 
timber;  one  called  the  longleaf  pine,  and  one  called  the  shortleaf  pine. 
When  timber  gets  into  the  yard  I  do  not  think  the  lumber  dealer  makes 
any  distinction  between  shortleaf  and  loblolly.  The  Committee  of  the 
American  Society  for  Testing  Materials  will  probably  hold  to  its  classi- 
fication of  longleaf  and  shortleaf,  those  terms  being  descriptive  of 
quality,  not  of  species. 

The  name  "Douglas  fir"  has  been  adopted  by  the  Forest  Service 
to  cover  a  timber  of  well-known  species,  of  distinct  species,  which  is 
now  sold  under  the  various  names  stated  by  the  Committee  of  this  As- 
sociation. 

Dr.  Hermann  Von  Schrenk: — I  would  like  to  say  one  word  about 
that  yellow  pine  classification.  We  had  a  great  deal  of  discussion  in 
making  the  preliminary  report  as  to  classification  of  Southern  j^ellow 
pines,  and  one  of  our  reasons,  as  stated  by  Professor  Hatt,  was  the 
fact  that  in  the  sale  and  manufacture  of  Southern  yellow  pine  lumber 
the  lumbermen  usually  make  two  classifications.  We  found  that  when 
it  came  to  making  distinctions  between  shortleaf  and  loblolly  pines, 
that  it  was  almost  a  physical  impossibility  to  do  so.  The  only  way 
in  which  I  have  ever  known  of  any  purchaser  being  able  to  tell  whether 
he  was  getting  shortleaf  or  longleaf  pine  was  by  looking  up  the  way- 
bills and  seeing  where  it  came  from.  What  we  have  attempted  to  do 
in  asking  for  a  simple  classification  is.  as  stated  in  the  note  presented, 
to  make  a  classification  which  would  be  one  descriptive  of  quality. 
There  are  shortleaf  timbers  which  would  represent  longleaf,  as  far  as 
the  closeness  of  the  grain  is  concerned,  and  we  do  not  see  why,  if 
closeness  of  grain  means  anything  in  classing  longleaf  and  loblolly, 
why  shortleaf  should  not  be  classed  with  either  one  or  the  other.  I  am 
glad  the  chairman  of  the  Committee  referred  to  the  change  in  para- 
graph 10  as  to  the  use  of  the  word  "white."  We  have  had  great  diffi- 
culty on  account  of  the  word  "white"  geographically,  and  as   the  result 
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of  last  year's  work,  which  does  not  yet  appear  in  our  committee  re- 
poi't,  we  unanimously  decided  to  omit  the  word  "white"  and  specify 
the  timber  as   Western  pine. 

Prof.  Jacoby : — Since  a  statement  was  made  during  the  discussion 
which  indicates  that  the  speaker  was  in  error  with  reference  to  the 
adoption  of  the  report,  will  the  last  speaker  kindly  explain  the  action 
taken  by  the   Society   for  Testing  Materials? 

Dr.  Von  Schrenk  :^The  report  was  simply  one  presented  to  the 
society  for  discussion,  and  has  not  yet  been  officially  adopted. 

Prof.  Jacoby: — I  had  previously  understood  that  the  report  was 
adopted  and  now  wish  to  inquire  whether  Dr.  Von  Schrenk's  statement 
is  not  intended  to  imply  that  it  was  not  a  final  adoption  in  view  of 
future  work  contemplated  by  his  committee?  Was  not  the  report, 
which  may  be  called  preliminary,  accepted  by  the  society? 

Dr.  Von   Schrenk : — Yes,  sir. 

Mr.  Berg: — I  would  again  like  such  information  as  the  chairman 
might  furnish  in  regard  to  the  term  ''Douglas  fir."  Over  ten  years  ago 
I  devoted  a  good  deal  of  time  to  the  question  of  the  strength  of  timber, 
and  at  that  time  all  the  authorities  called  particular  attention  to  the 
marked  difiference  in  strength  between  yellow  fir  and  red  fir,  both 
accepted  at  that  time  arbitrarily  in  the  Eastern  market,  comuig  from 
Washington  territory,  as  '"Douglas  fir,"  or  various  other  names,  and 
particular  attention  was  called  to  the  necessity  of  making  a  distinction 
for  structural  work  as  to  these  two  classes  of  fir  timber.  At  that  time 
there  was  a  distinct  classification  as  yellow  fir  and  as  red  fir,  more 
particularly  as  regards  the  strength  of  the  timber.  I  am  surprised  to 
find  in  this  definition  now  presented  by  the  Committee  that  all  the 
timbers  from  that  territory  are  classed  under  one  definition.  In  this 
connection  I  desire  to  say  that  I  think  I  am  right  in  stating  that  I  was 
the  one  who  proposed  this  inquiry  by  the  Committee  under  the  head  of 
"Report  upon  classification  of  Washington  and  Northwest  timber."  I 
think  it  was  understood  that  part  of  the  Committee's  work  for  the  year 
was  to  clear  up  the  uncertainty  that  existed  in  regard  to  the  timbers  from 
the  Northwest,  realizing  that  they  are  gradually  coming  to  be  used  more 
and  more,  even  in  the  Eastern  part  of  the  country,  and  that  it  would  be 
desirable,  therefore,  to  get  this  matter  cleared  up,  as  to  whether  anything 
coming  out  of  the  Northwest  was  to  be  considered  as  equally  good  for 
structural  purposes  under  the  head  of  Douglas  fir,  Washington  fir,  or 
whatever  it  may  be,  or  whether  there  were  distinct  grades  for  struc- 
tural work  which  we  should  differentiate.  The  Committee  has  brought 
in  under  the  one  term,  "Douglas  fir,"  quite  a  number  of  local  names,  and 
I  am  very  desirous  of  ascertaining  whether  the  Committee  of  the 
Society  on  Testing  Materials  were  guided  on  the  same  basis  which 
should  guide  us,  that  is,  that  we  wish  to  sec  the  classifications  made  so 
as  to  refer  to  the  structural  strength,  differentiate  more  on  the  structural 
strength  than  on  the  species.  I  would  ask  whether  the  Society  for  Test- 
ing Materials  gave  particular  attention  to  the  classification  of  the  North- 
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western  woods,  or  whether  they  confined  themselves  more  particularly 
to  the  yellow  pine  and  timbers  of  that  kind  in  the  Eastern  territory,  and 
only  considered  the  Northwestern  timber  incidentall3^  In  other  words, 
has  this  definition  No.  2  been  really  properly  considered  by  the  Amer- 
ican Society  for  Testing  ^Materials,  and  by  ourselves,  from  the  proper 
standpoint  from  which  we  should  approach  it? 

Prof.  Jacoby  : — In  1895  the  tests  of  the  fir  timbers  were  very  few 
indeed.  The  distinction  to  which  Mr.  Berg  called  attention  did  exist 
in  statements  in  the  text  books  and  articles  of  various  kinds.  Since  that 
time  very  extensive  tests  of  these  timbers  have  been  made  by  the  Naval 
Department  and  the  Forest  Service,  the  records  of  which  do  not  show 
any  material  difference  between  the  strength  of  the  yellow  and  the  red 
fir.  It  would  be  desirable  to  have  Prof.  Hatt  add  a  word  in  regard  to 
this  matter,  since  the  bulletins  issued  by  the  Forest  Service  have  given 
considerable  attention  to  it. 

Prof.  Hatt: — I  think  it  is  true  as  Mr.  Berg  says,  that  Douglas  fir 
presents  a  very  wide  range  of  quality,  probably  more  so  than  is  the  case 
with  either  longleaf  or  shortleaf  pine,  only  matched  by  the  variability  of 
loblolly  pine.  One  of  these  differences  is  the  difference  of  color.  There 
is  no  consensus  of  opinion  on  the  Western  Coast  as  to  the  difference  of 
strength  of  red  and  yellow  Douglas  fir.  There  is  a  prejudice  against  red 
fir.  Our  engineer,  ^Mr.  Hunt,  on  the  Pacific  Coast,  has  looked  into  his 
results  pretty  carefully  to  see  if  he  can  detect  any  variation  of  strength 
which  depends  on  the  color  of  the  wood.  He  finds  that  red  or  yellow 
color  occur  in  the  same  tree.  Timber  of  very  slow  growth,  say  40  rings 
per  inch  near  the  bark  of  big  trees,  may  be  either  red  or  yellow.  The  wood 
at  the  heart  is  more  apt  to  be  red  than  yellow,  but  so  far  the  examination 
of  our  extensive  tests  of  perhaps  300  sticks  have  not  shown  any  difference 
of  strength  which  can  be  attributed  to  color.  As  I  say.  Douglas  fir  pre- 
sents such  a  wide  range  of  growth  between  wide  ringed  open  growth  at 
the  center  and  the  close  grained  timber,  that  the  difference  of  growth 
fully  accounts  for  the  difference  in  the  strength.  My  opinion  as  regards 
this  question  of  color  is  that  the  red  fir  should  not  be  discriminated 
against. 

The  President : — The  chair  will  inquire  of  Dr.  Hatt  if  in  his  consid- 
eration of  Douglas  fir  he  eliminates  the  white  fir,  called  Picea  Grandis? 

Prof.  Hatt : — Yes,  Douglas  fir  is  the  species  Pseudodotsoga  taxifolia. 
It  is  a  distinct  species,  and  does  not  include  white  fir. 

Mr.  Loweth : — Under  the  heading  of  "Western  Pine,"  in  paragraph 
10,  it  says :  "Western  white  pine,  to  cover  the  timber  sold  as  white  pine 
coming  from  Arizona,  California,  etc."  I  move  that  we  substitute  for  the 
word  "sold"  the  word  "known."  This  change  would  be  in  keeping  with 
similar  expressions  in  other  paragraphs. 

The  President: — This  is  a  little  out  of  order,  but  in  order  to  facili- 
tate the  business  before  us  the  chair  will  permit  it.  Dr.  Von  Schrenk, 
will   you   give   us    your   ideas   with    respect   to   that    particular   wood,    in 
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connection  with  Mr.  Loweth's  motion  to  substitute  the  word  "known" 
for    "sold?" 

Dr.  Von  Schrenk: — This  timber  is  known  throughout  the  Western 
States  under  about  ten  or  twelve  different  names,  dependent  upon  the 
locality  in  which  it  is  manufactured.  We  include  in  the  definition  only 
three  of  the  names  in  addition  to  the  term  Western  pine.  In  California 
the  timber  is  called  California  white  pine;  in  Oregon,  Oregon  white  pine; 
in  Eastern  Oregon,  Western  white  pine;  in  Eastern  Washington,  it  is 
known  as  Western  pine;  in  Colorado  it  is  known  as  mountain  pine  and 
bull  pine.  In  attempting  to  get  a  name  for  that  wood,  we  corresponded 
with  practically  every  lumber  manufacturers'  organization  in  that  entire 
territory,  with  architects  and  engineers,  the  idea  being  that  we  should 
obtain  some  term  that  might  be  at  least  understood  by  the  Eastern  buyer 
as  well  as  the  Western  buyer.  A  majority  vote  on  the  part  of  both  the 
manufacturers  as  well  as  users  seemed  to  indicate  that  the  term  Western 
pine  was  best.  I  think  if  the  word  is  changed  to  read  "known"  that  we 
ought  to  add  "what  is  known  as  Western  pine  in  Eastern  Washington, 
Eastern  Oregon  and  Idaho,"  because  that  is  the  region  in  which  the 
timber  is  usually  marketed  under  the  term  Western  pine. 

We  anticipate  a  great  deal  of  objection  from  the  lumber  manufac- 
turers locally  to  this  term  Western  pine.  Take  as  an  instance  the  Cali- 
fornia sugar  and  white  pine  agency  which  controls  a  large  percentage  of 
the  saw  mills  which  manufacture  this  timber  in  Cahfornia,  Arizona  and 
New  Mexico,  and  likewise  in  Oregon ;  they  insist  very  strongly  on  the 
retention  of  the  name  California  white  pine.  They  say  tliey  have  spent  a 
large  amount  of  money  in  advertising  that  wood  in  Eastern  markets  for 
sash  and  door  manufacturing  and  other  purposes,  and  they  do  not  pro- 
pose to  change  their  name.  The  Oregon  manufacturers  on  the  same 
basis  object  to  the  term  California  white  pine,  as  it  is  not  just  to  them. 

In  recommending  this  term  Western  pine  I  want  to  state  that  we 
may  possibly  have  a  great  deal  of  opposition  coming  from  the  manufac- 
turers, but  it  seemed  to  us  it  was  better  to  take  the  bull  by  the  horns, 
so  to  speak,  and  adopt  the  best  terms  we  could  find,  and  put  in  as  syn- 
onyms the  best  known  names  used  in  the  market  for  the  particular 
timber  in  local   regions. 

The  President : — Is  that  pine  a  five  leaf  pine,  the  same  as  the  North- 
ern Minnesota  and  Wisconsin  white  pine,  or  is  it  a  two  leaf  or  three  leaf 
pine? 

Dr.  Von  Schrenk:— This  is  a  two  or  three  leaf  pine.  Botanically  this 
pine  is  a  member  of  the  yellow  pine  family,  but  there  is  only  one  manu- 
facturer who  will  permit  the  use  of  'Western  yellow  pine  for  commercial 
reasons.  From  the  standpoint  of  quality  the  timber  approaches  more 
closely  to  the  Michigan  white  pine,  and  hence  they  give  it  the  name 
Western  white  pine  to  distinguish  it  from  yellow  pine.  They  do  not 
want  it  understood  that  an  Eastern  buyer,  in  buying  that  for  Western 
yellow  pine,  will  confuse  this  wood  with  Southern  yellow  pine. 
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Mr.  Snow : — I  do  not  think  the  motion  should  prevail.  I  believe 
the  Committee's  wording  is  right. 

Mr.  Loweth : — What  I  had  in  mind  in  proposing  the  change  was  that 
timber,  the  same  as  some  other  things,  was  not  always  w'hat  it  was  repre- 
sented to  be  by  the  seller,  and  in  this  case  it  should  not  be  left  with  the 
seller  to  define  the  quality  of  the  timber,  but  rather  to  the  purchaser.  If 
there  is  any  objection  to  the  expression  ''known  as"  we  might  use 
"bought  as." 

Dr.  Von  Schrenk : — I  suggest  the  w'ording  be  changed  to  "manufac- 
tured as  white  pine." 

Mr.  Berg : — I  think  we  should  take  the  Committee's  opinion  in  this 
matter.  At  first  thought  it  seemed  to  me  to  be  a  slip,  and  that  "known" 
ought  to  be  put  in  for  the  reasofts  which  have  been  advanced.  I  subse- 
quently found  evidence  that  it  had  been  done  knowingly,  and  I  think 
we    should   accept   the    Committee's   version    of   it,    w^hatever    it   may   be. 

(The  motion  was  lost.) 

Mr.  Ole  Davidson  (Chicago  Great  Western)  : — In  view  of  the  un- 
certainty as  to  the  adoption  of  these  names  by  the  American  Society  for 
Testing  Materials,  I  move  that  wo  accept  this  part  of  the  report  as  a  re- 
port of  progress. 

Mr.  McDonald : — Prof.  Hatt  called  my  attention  to  the  fact  that  there 
is  a  difference  between  our  Committee  and  the  committee  of  the  Society 
for  Testing  jMaterials  on  the  matter  of  Southern  pine,  and  he  thinks  it 
would  be  well  to  refer  this  matter  of  difference  in  paragraph  i  back  to  the 
Committee  to  try  to  reconcile  their  difference. 

The  President : — The  Committee  desires  an  expression  of  opinion 
from  the  convention  on  the  proposed  separation  of  loblolly  pine  from 
shortleaf  pine. 

Mr.  Snow : — I  believe  it  is  impracticable. 

Mr.    McDonald : — I    do   not   believe   there    is    any   question    about   it. 

(The  motion  was  carried.) 

Mr.  Berg: — I  ask  for  information  on  behalf  of  the  publication  of  the 
Manual,  whether  the  vote  on  standard  defects  of  structural  timber  car- 
ries with  it  the  list  of  standard  names  of  structural  timbers,  together 
with  the  illustrations  following,  as  the  figures  are  referred  to  in  the 
text. 

The  President : — Yes,  the  Committee  considers  this  final  and  they 
will  go  in  the  Manual. 

The  Committee  asks  whether  they  shall  consider  in  future  reports 
the  preparation  of  specifications  for  a  second  grade  of  structural  timber. 

Dr.  Von  Schrenk : — Will  the  chairman  of  the  Committee  outline  in 
a  few  words  what  he  refers  to  exactly? 

Prof.  Jacoby: — In  the  work  assigned  to  the  Committee  by  the  Board 
of  Direction,  one  item  states :  "Co-operate  with  the  Committee  on  Struc- 
tural Materials  of  the  American  Society  for  Testing  Materials,  with  a 
view,    if  possible,   to   the  preparation    of  a   joint    specification   for   struc- 
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tural  timber."  In  some  preliminary  work  relating  to  that  subject  the  ques- 
tion has  arisen  as  to  whether  the  specification  shall  be  framed  simply 
for  one  grade  of  timber,  or  for  two  grades  of  timber,  the  second  grade 
to  be  used  only  for  temporary  construction.  The  Committee  recalls  he 
discussion  in  the  Association  several  years  ago,  and  has  the  impression 
that  there  was  considerable  objection  to  having  any  second  grade  of  tim- 
ber specified.  Before  going  ahead  with  the  work  for  the  coming  year 
the  Committee  would  like  to  have  a  definite  expression  of  opinion  on 
this  matter. 

The  President: — [f  there  is  no  expression  of  opinion  on  that  sub- 
ject, the  matter  will  be  left  to  the  discretion  of  the  Board  of  Direction 
in  outlining  the  work  for  the  coming  year. 

Prof.  Jacoby: — The  chairman  wishes  to  call  attention  to  the  list 
of  references  given  on  pages  20  to  27  inclusive,  which  are  published  for 
the  convenience  of  the  future  work  of  the  Committee  and  for  the  in- 
formation of  the  members  of  the  Association,  and  to  request  that  if  any 
member  knows  of  literature  bearing  on  this  subject  which  has  been 
omitted  from  the  list,  to  have  the  kindness  of  calling  the  Committee's 
attention  to  the  same. 

The  President: — The  Committee  will  be  relieved  with  the  thanks  of 
the    convention. 


REPORT  OF  COMMITTEE  NO.  Ill— ON  TIES. 

To    the    Members    of    the    American    Raihvay    Engineering    and    Main- 
tenance of   Way  Association: 

Your  Committee  reports  progress  for  the  year,  and  has  endeavored 
to  carry  out  the  directions  of  the  Board. 

One  of  the  most  important  features  committed  to  us  has  been  the 
recommendation  of  standard  sizes  of  ties.  We  recommended  the  adop- 
tion of  a  7  in.  by  8  in.  by  8  ft.  tie  as  the  standard  last  year,  but  it  was 
the  opinion  of  the  convention  that  there  should  be  three  standard  sizes, 
corresponding  to  the  classes  of  track  already  recognized  by  the  Associa- 
tion. The  Committee  has  reconsidered  its  recommendation  accordingly,  and 
if  it  could  determine  upon  sizes  with  reference  to  strength  and  economy 
of  maintenance  only,  would  advocate,  for  second  and  third  class  track, 
7  in.  by  8  in.  by  8  ft.  ties ;  and  for  first  class  track,  7  in.  by  9  in.  by  SVz  ft. 
ties.  In  view  of  the  present  condition  of  the  tie  supply  and  the  possible 
future  supply,  it  does  not  seem  wise  to  adopt  these  sizes,  and  we  recom- 
mend the  following: 

First  class  track,  7  in.  by  8  in.  by  8^  ft. 
Second  class  track,  7  in.  by  8  in.  by  8  ft. 
Third  class  track,  6  in.  by  8  in.  by  8  ft. 

Your  Committee  has  reviewed  its  specifications  for  the  treatment  of 
tie  timber  and  finds  no  occasion  to  modify  these  as  reported  last  year 
for  consideration.  We  consequently  now  recommend  their  adoption  as 
printed.  It  will  be  possible  next  year  to  supplement  these  by  similar 
specifications  covering  one  or  two  other  processes.  Then  it  may  also  be 
well  to  offer  a  specification  for  tar  oil. 

Your  Comm.ittee  has  considered  the  proposed  method  for  the  analysis 
of  creosote  oils.  There  is  a  diversity  of  opinion  regarding  one  or  two 
features  thereof.  The  Committee  is  not  clear  as  to  the  exact  merits 
of  the  case,  but  is  satisfied  that  the  details  are  not  entirely  complete. 
The  Association  has  not  adopted  the  proposed  method,  and  we  recom- 
mend no  action  be  taken  at  this  meeting,  and  that  the  Committee  be 
permitted  to  give  the  matter  further   study:     No  harm  will   result  from 
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the  delay,  and  when  we  do  recommend  a  method,  we  desire  to  have  it 
as   nearly  correct  as  possible. 

Your  Committee  was  directed  by  the  Board  to  report  upon  the  de- 
sign and  use  of  concrete  and  steel  ties.  An  intelligent  consideration  of 
these  must  of  necessity  first  take  cognizance  of  the  lessons  to  be  learned 
from  what  has  already  been  done.  To  this  end  information  is  requested  of 
all  members,  as  to  where,  when  and  with  what  result  such  ties  have 
been  used.  We  have  only  a  partial  report  to  offer  on  these  lines,  but 
it  is  hoped  to  supplement  it  next  year  by  a  review  of  the  patents  granted, 
the  extension  of  our  knowledge  of  the  experimental  ties  in  service  and 
a  discussion  of  the  supposed  desirable  features  which  such  ties  should 
have.  We  say  supposed  desirable  features,  because  the  change  from 
wood  to  other  materials  is  so  radical  that  we  may  need  to  entirely 
change  our  conceptions  of  what  is  desirable. 

We  may  perhaps  call  attention  to  three  elements  very  necessary  to 
remember  in  the  consideration  of  designs  to  replace  wood  ties : 

First,  an  efficient  method  of  fastening  the  rail  to  the  tie.  This  is 
a  problem  present  with  the  wood  tie  also,  if  we  consider  the  life  of 
the  tie.  When  we  get  away  from  the  barbarous  spike,  we  may  perhaps 
get  a  connection  which  will  be  equally  efficient  with  concrete  ties  as  well. 
Second,  the  requirement  of  a  considerable  measure  of  elasticity  in 
any  tie.  We  will  always  find  a  tendency  of  the  ballast  to  become  un- 
stable, track  to  become  center  bound,  and  the  wooden  tie  has  met  the 
condition  because  it  is  elastic.  Neither  the  steel  nor  concrete  tie  offers 
the  same  elasticity,  and  will  require  greater  care  in  track  surfacing  and 
maintenance. 

Third,  no  metal  tie  has  yet  been  designed  that  offers  a  satisfactory 
method  of  insulation,  and  this,  of  course,  is  a  serious  objection  in  view 
of  the  rapid  increase  in  installation  of  block  signals.  It  will  be  found 
necessary,  doubtless,  to  use  fiber  as  an  insulating  material,  and  it  wears 
out  so  rapidly  that  it  will  be  a  source  of  considerable  trouble  and  ex- 
pense to  attempt  to  maintain  insulating  pieces  on  each  tie.  Concrete  is 
almost  an  insulating  material  and  it  will  probably  be  practicable  to  de- 
sign a  concrete  tie  that  will  overcome  this  difficulty.  On  the  other  hand, 
the  construction  of  such  a  tie  will  require  a  great  deal  of  care  to  prevent 
contact  through  the  metal  reinforcement. 

We  have  been  favored  with  a  copy  of  a  report  made  by  one  member 
of  this  Committee  two  years  since,  based  upon  his  personal  investiga- 
tions. 
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The  following  is  the  report  referred  to,  made  to  Mr.  J.  W.  Kendrick, 
Second  Vice-President  of  the  Atchison,  Topeka  &  Santa  Fe  Railway  Sys- 
tem, on  Reinforced  Concrete  Tics,  by  Mr.  E.  O.  Faulkner  in  November, 
1904: 

HARP£LL   TIE. 

This  was  perhaps  the  first  type  of  reinforced  concrete  ties  used  in 
America.  Thirty  were  inserted  in  the  Pennsylvania  Company's  track  in 
1899  near  the  Union  Station,  Chicago,  the  concrete  being  moulded  around 
a  truss  of  one-inch  rods  put  together  like  a  trussed  brake  beam.  From 
first  to  last  they  were  in  service  about  seventeen  months,  the  last  tie 
being  taken  out  in  the  fall  of  1900.  Shortly  after  they  were  first  laid, 
single  ones  had  to  be  removed,  and  this  continued  at  intervals  until 
all  were  taken  out.  Some  broke  in  the  middle,  others  gave  way  at  the 
fastenings  or  under  the  track  rails,  so  that  toward  the  end,  oak  ties  had 
to  be  sandwiched  between  them  to  help  out.  Later  on  Mr.  Harrell 
made  a  number  under  what  he  claims  to  be  a  better  pattern  so  far  as 
track  fastenings,  etc.,  are  concerned,  and  ten  were  placed  in  a  switch 
track  of  the  Western  Foundry  and  Steel  Company  at  Hegewisch,  III, 
in  August,  1901.  Three  have  since  been  removed  on  account  of  a  car 
derailment  breaking  them;  the  rest  are  still  in  service  in  good  condition, 
but  being  in  an  industry  sidetrack,  there  is  no  strain  or  service  test, 
and  under  these  conditions  they  should  last  for  many  years. 

KIMBALL    TIE. 

This  consists  of  two  concrete  bearing  blocks  shaped  like  a  pole  tie, 
each  three  feet  long,  nine  inches  wide,  and  seven  inches  thick,  joined 
by  two  three-inch  channels  two  inches  apart  placed  back  to  back  and 
moulded  in  the  concrete,  the  bearing  of  the  rail  being  taken  by  a  cushion 
block  of  white  oak,  three  inches  thick,  nine  inches  wide,  and  eighteen 
inches  long,  secured  to  the  concrete  base  by  bolts,  the  track  rail  being 
spiked  to  these  blocks  in  the  usual  way  and  elm  plugs  set  in  the  concrete 
to  take  care  of  the  additional  length  of  spikes. 

Two  were  inserted  in  the  Pere  Marquette  track  at  Saginaw  in  1900, 
the  blocks  being  held  together  by  a  piece  of  scrap  rail;  later,  one  was 
taken  out  and  sent  to  the  Roadmasters'  Convention  in  Milwaukee  in  the 
fall  of  1901.  It  was  put  in  the  track  in  one  of  the  local  yards,  and  has 
since  been  lost  sight  of.  The  one  still  in  service  at  Saginaw  I  found 
in  good  condition,  excepting  that  one  of  the  cushion  blocks  was  badly 
cracked  and  would  soon  need  renewing.  Before  being  used  these  blocks 
were  treated  with  Avenarius  Carbolineum.  There  was  some  rust  on  the 
old  rail  connecting  the  blocks,  but  nothing  to  hurt.  Two  others  were 
inserted  in  the  Saginaw  yard  in  the  fall  of  1901,  but  were  afterward 
taken  out,  though  for  what  reason  I  could  not  learn.  Eight  more  were 
put  in  the  main  track  at  Saginaw ;  these  J  found  still  in  service  and  in 
good  condition,  some  of  the  cushion  blocks  being  somewhat  sun  checked; 
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on  removing  the  ballast  from  one  or  two  ties  I  found  very  little  rust 
on  the  connecting  bars,  the  spikes  were  holding  all  right,  and  the  ties 
looked  well,  but  the  test  is  not  in  sufficient  numbers  to  warrant  any  prac- 
tical conclusion.  The  ballast  was  gravel,  and  there  were  no  cracks  in 
any  of  the  concrete  blocks.  Another  tie  was  laid  in  the  Port  Huron 
yard  in  1902,  but  no  one  knows  where  it  is,  or  what  has  become  of  it. 
Two  were  laid  in  the  Walkerville  yard,  and  two  near  Pelton,  Ontario, 
in  September,  1903.  Tarn  told  a  derailment  occurred  on  the  yard  ties, 
the  wheels  passing  over  the  wooden  cushion  blocks  without  damage,  ex~ 
cepting  that  some  slivers  were  broken  off  where  the  first  wheels  struck 
them.  Ten  were  also  furnished  the  Nickel  Plate  in  1903,  eight  of  which 
were  laid  east  of  Euclid  Avenue  Station,  Cleveland,  and  two  broken.  I 
did  not  look  up  any  of  those  inserted  in  1903,  as  the  time  is  so  recent. 
There  were  thirty  furnished  the  Grand  Rapids  Electric  Railway  for 
street  car  use,  also  one  to  the  Detroit  Electric  Railway,  which  was  put 
in  at  Gross  Point.  In  1902,  3,400  feet  of  the  Pere  Marquette  track  in 
Jefferson  Street,  Bay  City,  was  laid  with  these  ties  without  the  connecting 
channel  bars,  the  two  blocks  being  laid  in  cement  up  to  the  level  of 
the  top  of  the  rails.  This  piece  of  track  has  been  widely  advertised,  and 
is  in  good  condition ;  but  where  railway  tracks  are  laid  in  cement  and 
in  paved  city  streets  it  can  not  be  considered  a  test,  so  far  as  concrete  ties 
for  ordinary  use  are  concerned. 

ALFRED    TIE. 

This  is  one  designed  by  the  then  Chief  Engineer  of  the  Pere  Mar- 
quette. Fourteen  were  put  in  near  the  Kimball  ties  at  Saginaw,  Mich., 
in  November,  1902,  as  an  experiment,  and  all  removed  early  in  1904  on 
account  of  breaking  between  rails,  the  design  being  faulty.  Nine  of  a 
new  pattern  were  inserted  in  the  same  place  in  the  summer  of  1904;  of 
these  one  is  broken  close  to  track  rail  and  several  others  already 
show  signs  of  rail  cutting,  there  being  no  cushion  or  protection  between 
the  base  of  the  rail  and  the  top  of  the  tie;  one  has  cut  in  one-eighth  of 
an  inch  in  three  months,  others  nearly  as  much.  Ten  were  laid  in  Sep- 
tember, 1904,  at  Wixom  water  tank,  where  engine  fires  are  cleaned,  and 
wooden  ties  destroyed  by  cinders.  These  ten  are  said  to  be  in  good 
condition ;  it  was  dark  when  we  passed,  so  that  I  could  not  see  them 
personally;  214  more  were  laid  in  a  sidetrack  opposite  Saginaw  pas- 
senger depot  in  October,  1904,  and  immediately  after  laying  them  a  ditch 
for  a  drain  pipe  was  dug  parallel  to  the  track,  within  six  inches  of 
ends  of  ties.  Of  87  alongside  the  ditch,  56  were  cracked  or  broken,  some 
in  two  or  three  places,  and  of  the  remaining  127  away  from  the  ditch, 
one  was  broken  close  to  inside  rail.  The  ditch  extended  for  some  dis- 
tance, where  there  were  wooden  ties  in  the  same  track,  but  none  of  these 
were  damaged   by   reason  of  its   location. 
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THE    BURBANK     TIE. 

The  reinforcement  consists  of  an  iron  plate  and  a  twisted  bar  of 
iron,  bent  at  each  end  and  welded  to  tie  plates,  which  rest  on  wooden 
blocks  and  support  the  track  rail.  I  was  told  there  were  147  in  the 
Hecla  Mining  Company's  track,  near  Bay  City,  Mich.,  and  two  in  the 
Hecla  Belt  track  at  one  of  the  crossings  in  the  outskirts  of  the  city.  1 
could  not  go  personally  to  the  mining  track,  but  sent  another  man,  in 
order  to  learn  how  the  ties  looked ;  he  has  since  advised  me  that  he 
could  not  find  a  concrete  tie  in  any  mining  or  belt  track  owned  by  the 
Hecla  Company,  excepting  the  two  spoken  of,  and  these  I  found  myself 
so  badly  broken  after  three  months'  service  of  switch  trains  that  there 
is  no  question   about  the  design  being  defective. 

HICKEY    TIE. 

The  reinforcement  here  consists  of  7J^  ft.  of  scrap  track  rail  im- 
bedded in  the  concrete;  outside  of  this  the  other  features  of  the  tie  have 
been  changed  from  time  to  time  as  defects  developed.  First,  the  rail 
fastenings  were  improved,  then  it  became  apparent  that  on  account  of 
track  rail  cutting  into  the  concrete,  some  protection  had  to  be  furnished, 
and  a  tie  plate  was  tried.  This  has  proven  insufficient  for  the  purpose, 
and  Mr.  Hickey  now  says  a  larger  cushion  of  metal  or  wood  must  be 
placed  between  the  rail  base  and  the  tie  to  prevent  rail  cutting.  He  has 
a  number  inserted  in  St.  Thomas  Yard  (Ontario),  also  ten  at  Kings- 
mill,  east  of  St.  Thomas,  in  Michigan  Central  main  track,  under  heavy 
service,  and  six  at  Taylor ;  in  all  between  35  and  40  ties,  most  of  them 
having  been  in  over  two  years,  and  one,  still  in  good  condition, 
three  years.  The  greater  portion  are  more  or  less  cracked,  and  some 
broken,  but  Mr.  Hickey  says  he  will  keep  on  experimenting,  and  hopes 
yet  to  be  successful.  He  is  the  General  Roadmaster  of  the  Michigan 
Central  Company's  lines  in  Canada.  No  derailment  has  occurred  so  far 
on  these  ties. 

BRUNSON    TIE. 

The  reinforcement  here  consists  of  some  small  strips  of  iron  sur- 
rounded by  concrete,  wooden  plugs  being  moulded  in  the  concrete  in 
which  to  drive  the  spikes,  the  track  rail  resting  directly  on  the  concrete. 
Nineteen  of  these  were  laid  in  Chicago  Junction  Railway  stock  yard 
tracks  in  September,  1904,  near  Forty-first  and  Halsted  streets,  Chicago. 
Two  months  after  service  I  found  cracks  between  the  rails  in  fourteen 
out  of  the  nineteen,  some  being  cracked  in  two  places.  The  rail  was 
also  beginning  to  cut  into  some  of  them,  especially  joint  ties.  Nothing 
but  slow  switch  train  movement  passes  over  them,  and  while  this  is 
heavy,  it  can  scarcely  be  said  that  the  test  is  sufficient  to  establish  the 
value  of  the  tie.     No  derailment  has  yet  occurred  on  any  of  them. 
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SEELEY   TIE. 


This  was  a  concrete  tie  without  any  reinforcement  whatever,  the 
only  iron  used  being  the  bolt  going  through  the  concrete  for  rail  fasten- 
ings. Ten  were  placed  in  the  tracks  of  the  Toledo  Terminal  Rail- 
way in  August,  1903,  and  the  Superintendent  informed  me  that  they 
were  all  taken  out  again  in  less  than  two  weeks  on  account  of  their 
breaking,  and  falling  to  pieces.  Six  or  eight  were  also  put  in  a  side- 
track on  the  Lake  Shore  &  Michigan  Southern  Railway  at  Air  Line 
Junction,  Toledo.  I  did  not  go  to  see  these,  as  the  Roadmaster  said 
they  were  badly  broken,  and  would  soon  come  out,  adding  further  that 
if  they  had  been  in  main  track  they  would  have  been  removed  long  be- 
fore this. 

COLORADO    &    SOUTHERN    RAILWAY    TEST. 

In  the  summer  of  1901  the  officials  of  the  Colorado  &  Southern  Rail- 
way had  three  ties  made  and  put  in  their  yard  at  Argo,  near  Denver,  the 
reinforcement  in  each  tie  consisting  of  three  steel  strips  Vz  in.  thick,  4 
in.  wide  and  8  ft.  long.  These  ties  were  broken  beyond  further  use  in 
the  spring  of  1902  by  an  engine  truck  derailment,  there  being  no  pro- 
tection on  the  outside  of  the  tie  to  withstand  any  such  shock. 

AFFLECK    TIE. 

The  reinforcement  here  consists  of  a  piece  of  angle  iron  imbedded 
in  the  concrete,  with  a  slight  groove  for  rail  seat,  in  which  a  wooden 
shim  can  be  placed  if  desired,  the  rail  being  fastened  to  the  tie  by 
bolts  coming  up  from  the  bottom.  One  was  placed  in  a  sidetrack  at 
Dune  Park,  Ind.,  on  the  Lake  Shore  &  Michigan  Southern,  in  Septem- 
ber, 1903.  It  is  cracked  in  several  places,  but  in  view  of  its  location,  is 
still  considered  safe.  In  March,  1904,  fifteen  more  were  put  in  at 
Chesterton,  Ind.,  but  as  they  were  not  entirely  satisfactory  to  the  maker, 
he  took  them  out  and  put  fifteen  others  in  in  June,  1904.  These  are  still 
in  service,  but  are  all  cracked  a  little.  They  are  also  in  sidetracks,  as 
the  Lake  Shore  &  Michigan  Southern  officials  do  not  consider  it  ad- 
visable to  place  them  in  the  main  line.  The  Roadmaster  says  that  so 
far,  and  as  located,  they  have  given  fair  satisfaction. 

The  Pennsylvania  Lines  West  of  Pittsburg  are  also  testing  this  same 
tie,  eighty-seven  out  of  an  order  for  one  hundred  being  placed  in 
their  main  line  at  Emsworth,  Pa.,  in  October,  1904.  I  examined  these 
with  the  Roadmaster  a  m.onth  later,  and  found  six  marked  for  removal  be- 
fore the  close  of  the  month,  and  another  one  has  a  broken  end.  They 
are  on  broken  rock  ballast  in  a  track  where  heavy  traffic  and  fast  trains 
are  continually  running  over  it,  the  conditions  being  evidently  too  severe 
for  the  tie  in  its  present  shape. 

THE   BUHRER    CONCRETE    TIE. 

The  reinforcement  of  this  tie  consists  of  one-fourth  part  of  a  thirty 
foot  scrap  rail  inverted  so  that  its  base  acts  as  a  surface  for  the  track 
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rail,  the  rest  of  the  reinforcement  being  heavily  imbedded  in  concrete 
somewhat  in  the  shape  of  a  hewn  tie,  at  the  bottom,  the  rails  being 
fastened  to  the  tie  by  clips.  There  are  3,222  of  these  in  service  on  a 
number  of  roads,  viz. :  Ann  Arbor,  ']'] ;  Lake  Shore  &  Michigan  South- 
ern, 2,095;  Pennsylvania  Lines  West  of  Pittsburg,  350;  Lakeside  &  M'ar- 
blehead,  550;  Lake  Erie  &  Western,  20;  Chicago  &  Northwestern,  15,  and 
Sandusky  Water  Works  Company's  track,  115.  Of  these,  40  were  inserted 
in    1902,   and  so   far  there   are   only  two    failures;   707  were   inserted   in 

1903,  of  which  nineteen  failures  have  been  reported;  and  2,415  were  in- 
serted in  1904,  of  which  nearly  all  the  failures  are  on  the  Pennsylvania 
Lines.  This  is  the  most  successful  of  all  the  concrete  ties  I  have  seen, 
and  under  favorable  conditions  it  certainly  makes  a  fine  looking  track. 
I  saw  marks  of  a  freight  car  (said  to  have  been  loaded)  derailment  at 
Milwaukee,  the  wheels  of  one  truck  having  passed  over  several  of  these 
ties  without  damaging  them  in  the  least,  and  I  was  told  of  one  or  two 
other  instances  where  derailments  had  occurred,  no  damage  being  done 
to  the  ties. 

In  four  out  of  the  six  roads  the  ties  were  in  gravel  ballast,  and  no 
exception  could  be  taken  either  as  to  the  appearance  of  the  track  or 
the  condition  and  service  of  the  ties.  On  the  Lakeside  &  ]\Iarblehead 
there  are  550  ties  inserted  on  a  twelve  degree  curve  in  their  yard  at 
Danbury,  Ohio,  and  this  piece  of  track  has  been  widely  photographed  as 
evidence  of  the  success  of  this  type  of  reinforced  ties ;  it  is  certainly 
hard  to  beat,  but  every  condition  is  favorable,  and  the  ties  have  only 
been  in  service  one  winter.  On  the  sixth  road  (Pennsylvania  Lines  West) 
it  was  reported  their  experience  of  concrete  ties  had  so  far  not  been 
satisfactory,  and  they  did  not  propose  at  present  to  further  extend  their 
experiments  in  this  direction.  They  have  the  Affleck  (before  mentioned) 
and  the  Buhrer  ties.  Of  the  latter,  248  were  furnished  in  December,  1903, 
for  insertion  in  their  main  line  track  at  Emsworth,  Pa.,  which  were  all 
put  in  by  March,  1904.  In  June  of  same  year  100  were  replaced,  and  on 
November  19th  following  I  saw  a  carload  of  new  ones  standing  on  side- 
track to  replace  broken  ones.  Including  this  carload  it  made  469  received 
since  December,   1903,   with   116  good   sound  ties  in  track  in   November, 

1904,  and  a  balance  of  seven  remaining  in  reserve.  Mr.  Buhrer  explained 
that  in  the  first  lot  of  ties  shipped,  the  concrete  in  nearly  all  of  them 
had  frozen  before  it  set,  and  they  should  never  have  been  used.  I  can 
only  account  for  the  failures  here  by  the  fact  that  the  rock  ballast  is 
so  rigid  as  »ot  to  conform  or  give  way  to  the  movement  of  the  ties  when 
trains  are  passing  over  them,  while  the  gravel  ballast  does,  as  I  noticed 
this  very  clearly  while  on  the  Lake  Shore  &  Michigan  Southern.  These 
are  the  only  failures  of  the  Buhrer  ties  worth  mentioning,  yet  if  "the 
strength  of  a  chain  is  no  greater  than  that  of  its  weakest  link,"  the  fail- 
ures of  these  ties  in  rock  ballast  and  under  heavy  service  must  materially 
limit  their  value,  irrespective  of  success  under  more  favorable  conditions. 
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CHICAGO,   BURLINGTON    &    QUINCY    RAILWAY   TEST. 

.The  Engineering  Department  of  the  C.  B.  &  Q.  at  Chicago  is  en- 
gaged in  a  series  of  tests  of  reinforced  concrete  ties,  having  placed  a 
number  in  a  sidetrack  at  Hawthorne  near  Chicago  about  two  months 
ago.  The  time  is  yet  too  recent  to  prove  anything,  but  as  the  officials 
are  proceeding  in  a  careful  and  practical  way,  the  result  should  go  far 
to  establish  the  possibility  of  ultimate  success  in  reinforced  concrete  ties. 
I  believe,  however,  they  will  yet  have  to  make  further  changes  in  their 
design  to  accomplish  this. 

ULSTER    &    DELAWARE    TEST. 

A  number  of  reinforced  concrete  ties  were  placed  in  the  Ulster  & 
Delaware  track  near  Rondout,  N.  Y.,  in  the  summer  of  1904,  on  ac- 
count of  the  satisfactory  service  of  one  tie  made  and  inserted  in  May, 
1903.  Tie  plates  eight  inches  by  nine  inches,  one-quarter  inch  thick,  are 
set  in  the  concrete  and  support  the  track  rails,  which  are  fastened  by 
bolts  coming  up  from  below  the  reinforcement;  this  latter  consists  of 
a  piece  of  angle  iron  set  in  the  concrete,  the  edge  coming  within  J4  '"• 
of  the  surface.  The  first  derailment  on  these  ties  will  severely  test  them 
as  there  is  no  support  for  the  corners.     They  weigh  450  pounds  each. 

There  are  two  or  three  makes  of  concrete  ties  beside  those  men- 
tioned which  have  been  put  into  service  on  a  few  other  roads  during  the 
past  summer,  but  as  the  locations  were  somewhat  scattered  and  the 
experience  too  recent  to  expect  any  result,  I  did  not  visit  them. 

REINFORCED    CONCRETE    TIES    ABROAD. 

If  there  is  one  continent  more  than  another  where  we  might  expect 
to  find  concrete  ties,  it  is  in  Europe,  where  wood  is  scarce  and  costly, 
but  so  far  as  I  can  learn  only  three  tests  have  been  made  abroad  up  to 
the  present  time,  and  they  are  as  follows : 

SARDA    TIE. 

The  reinforcement  here  consists  of  five  metal  plates  placed  ver- 
tically in  a  mould,  held  by  thin  bars  or  wires,  and  cement  poured  in 
around  them.  Four  were  inserted  in  October,  1900,  near  Bordeaux,  and 
in  the  summer  of  1902  one  hundred  more  were  laid,  a  slight  change  being 
made  in  construction  so  that  rail  fastenings  could  be  replaced  without 
damaging  ties.  Felt  tie  plates  one-fifth  of  an  inch  thick  were  placed 
between  tie  and  rail  to  reduce  the  shock,  but  within  a  year  these  had 
worn  so  that  they  could  not  be  found.  The  greatest  rolling  weight  was 
14  tons  on  a  single  pair  of  drivers.  The  weight  of  the  tie  was  308  lbs. 
and  the  cost  in  our  money,  $2.80  each.  Some  of  this  make  of  ties  were 
also  inserted  in  the  Tramway  Company's  track  at  Perpignan,  France, 
and  also  some  in  the  main  track  of  the  Northern  Railway  of  Spain,  but 
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no  reports  are  obtainable  as  to  results.  The  Chief  Engineer  of  the  French 
State  Railways  says  the  experiment  is  too  recent  for  definite  conclusion; 
and  that  as  the  usual  life  of  wooden  ties  is  fifteen  years,  a  long  timfe  must 
elapse  before  conclusions  can  be  reached  as  to  whether  cement  is  superior 
to  wood  in  its  power  to  resist  shock,  atmospheric  changes,  and  other  con- 
ditions, and  further  that  so  far  rfs  economy  in  track  labor  or  material 
is  concerned,  none  will  be  effected  unless  the  cost  of  concrete  ties  can  be 
materially  reduced. 

The  Voiron  St.  Beron  Railway  (one-meter  gage)  has  been  experi- 
menting with  a  reinforced  concrete  tie  consisting  of  three  trusses  of  steel 
(.18H  lbs.),  a  plug  of  hard  wood  being  imbedded  in  the  concrete  to  hold 
rail  fastenings.  The  weight  of  the  tie  (length  5  ft.  and  11  in.)  is  232 
lbs.  and  a  layer  of  wood  or  felt  is  placed  on  top  of  the  ties  under  the  rail 
to  lessen  vibration.  Sixty  were  inserted  in  March,  1903,  at  Revol,  and 
at  another  place  a  stretch  of  track  has  concrete  ties  alternating  with 
ordinary  wooden  ones.  This  gives  no  test  worth  anything,  but  in  April, 
1904,  all  were  said  to  be  in  perfect  condition  and  the  company  were  laying 
250  more. 

In  Germany,  a  section  -..f  the  State  Railways  near  Briesen  is  laid 
with  reinforced  concrete  ties  in  main  and  sidetracks,  under  heavy  traffic. 
The  rails  are  fixed  to  the  tie  by  an  automatic  locking  device  in  which  the 
grip  between  the  tie  hooks  and  the  rail  increases  in  proportion  to  the 
weight  of  the  rolling  load,  the  tie  hook  releasing  its  tight  grip  of  the 
rail  as  soon  as  the  train  or  car  has  passed  over  it,  the  claim  being  made 
that  this  action  gives  an  elasticity  to  the  roadbed  necessary  for  economical 
maintenance  of  equipment.  The  ties  were  laid  in  September,  1897,  and 
are  said  to  be  still  in  good  condition. 

In  Italy  on  the  Adriatic  Railway  experiments  have  been  under  way 
for  some  years,  so  that  in  1500  a  number  of  ties  were  put  in  service  at 
or  near  Ancona,  and  according  to  latest  reports  were  giving  good  service ; 
this  is  very  general,  but  is  all  the  information  I  can  get.  Tie  weighs  about 
300  lbs.  and  costs  $2.30. 

On  the  French  Railwaj-s  in  Cochin  China,  a  number  of  concrete  ties 
are  said  to  be  in  use,  having  an  inverted  T  section  with  an  enlargement 
of  the  stem  upon  which  the  track  rests  (practically  an  I-beam),  but  the 
number  said  to  be  in  service  is  so  large  that  I  would  not  care  to  quote 
the  statement  without  better  authority,  which  is  not  available  just  now. 

The  following  additional  data  has  been  obtained  by  the  Committee 
from  other  sources : 

THE    PERCIVAL    TIE. 

This  is  a  reinforced  tie  of  concrete  and  bars  of  iron,  the  section 
of  tie  being  somewhat  trapezoidal,  except  that  the  difference  between 
faces  is  greater  than  in  the  Buhrer  tie. 

The  fastening  of  the  rail  is  by  a  screw  spike  into  babbitt  sockets 
poured  in   the  concrete   at   the   time  of  manufacture.     The  rail   rests  on 


468  TIES. 

a  block  of  gum  9  in.  by  15  in.  by  2^  in.,  which  forms  a  cushion  and 
reheves  the  concrete  from  the  severe  action  of  the  metal  rail  of  limited 
section  which  would  readily  work  into  it. 

A  test  of  these  ties  in  a  road  of  heavy  traiific  has  shown  good  results 
for  two  months.  It  is  not  possible  yet  to  tell  what  the  value  of  the  tie 
will  be. 

THE    CHENOWETH    TIE. 

This  tie  is  a  simple  bar  of  concrete  of  the  same  size  and  uniform 
section  as  the  usual  wooden  tie,  the  reinforcing  material  being  a  wind- 
ing woven-wire  sheet,  wound  in  circular  manner.  The  wire  used  is  No. 
16  with  a  Vz-'m.  mesh. 

The  rail  is  supported  upon  a  shim  of  wood  acting  as  a  tie  plate, 
through  which  bolts  are  set  with  threaded  top.  The  bolts  are  set  in  a 
similar  manner  to  stone  bolts.  The  clip  is  used  to  fasten  the  rail  in 
place,  in  a  manner  similar  to  the  method  used  in  other  types  of  manu- 
factured ties.  The  ties  have  been  in  only  a  short  time,  and  no  results 
are  yet  manifest. 

TREATED  TIES. 

>/"  However  interesting  the  investigation  and  discussion  of  the  substi- 
tutes for  wood  ties  may  be,  there  can  be  no  question  as  to  the  advis- 
ability of  holding  on  to  the  good  things  we  now  have,  and  make 
the  best  possible  use  of  the  wood  tie  while  we  have  it.  Few 
subjects  are  or  should  be  of  greater  interest  to  railroad  officials  than 
the  question  of  the  actual  results  of  the  preservative  treatment  of  ties. 
The  use  of  such  ties  is  constantly  and  rapidly  increasing  and  the  dis- 
position of  those  using  them  is  to  feel  greater  confidence  in  the  results, 
and  a  greater  willingness  to  invest  more  money  therein.  The  benefits 
of  treatment  are  very  nearly  proportional  to  the  amount  expended 
thereon. 

The  history  of  treated  ties  to  date  is  about  as  follows : 

PENNSYLVANIA    LINES    WEST    OF    PITTSBURG. 

Previous  reports  have  given  the  results  of  the  experimental  ties  laid 
at  Kosciusko  and  Hanna,  Ind.,  consisting  of  200  Burnettized  tamaracks 
and  200  untreated  white  oaks,  laid  in  gravel  ballast ;  at  the  first  resulting 
in  an  average  life  of  8.84  years  for  the  tamaracks,  and  9.47  years  for  the 
white  oaks ;  and  of  200  Burnettized  hemlocks  and  200  untreated  white 
oaks  in  rock  ballast,  at  the  second;  resulting  in  an  average  life  of  io.7.r 
years  and   10.17  years,  respectively. 

Besides  the  above  tests,  which  terminated  two  years  ago,  considerable 
numbers  of  ties  of  various  kinds  treated  by  the  same  method  have  been 
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used  on  both  the  N.  W.  and  S.  W.  Systems.     The  records  of  results  are 

by  no  means  complete,  but  Mr.   Trimble,   Chief  Engineer   of   M.   of  W. 

of   the    N.    W.    System,    under    date    of    December,    1906,    furnishes  the 
following : 

On  the  Western  Division  9,937  Burnettized  beech  ties  were  put  in 
track  in  1901  and  13,835  in  1902,  all  of  which  were  in  service  January 
1st,  1906.  Of  Burnettized  red  oak,  135  were  laid  in  1897,  of  which  74 
per  cent,  were  in  service  after  eight  years;  in  1901  there  were  laid  5,309 
similar  ties,  of  which  all  but  one  were  in  service  after  four  years.  Of 
Burnettized  hemlocks,  out  of  11,393  laid  in  1896  and  1897,  there  were  still 
in  service  78  per  cent,  after  eight  years ;  from  713  laid  in  1898,  in  service 
92  per  cent,  after  seven  years;  from  2,048  laid  in  1899,  all  but  13  still  in, 
after  six  years;  and  of  521  laid  in  1900,  all  still  in  after  five  years. 

On  the  Chicago  Terminal  Division,  which  is  a  part  of  the  Western 
Division,  of  Burnettized  hemlocks,  there  were  laid  in  1896,  698  ties,  of 
which  there  remained  ico  per  cent,  after  nine  years ;  in  1897,  3,499  ties, 
of  which  there  remained  70  per  cent,  after  eight  years ;  in  1898,  275 
ties,  of  which  there  remained  ico  per  cent,  after  seven  years ;  in  1899, 
1,000  ties,  of  which  there  remained  100  per  cent,  after  six  years. 

On  the  S.  C.  &  S.  R.  R.,  of  the  same  ties,  1,287  were  laid  in  1897,  of 
which  70  per  cent,  remained  after  eight  years.  The  ties  above  were  all 
treated   by  the  zinc  tannin  process. 

DULUTH     &    IRON    RANGE    RAILROAD. 

In  1891,  this  road  put  in  track  85  white  pines,  85  tamaracks,  and 
86  Norway  pines,  all  treated  by  the  zinc  tannin  process.  Reports  of  the 
condition  of  these  ties  have  been  reported  from  time  to  time.  Under  date 
of  October  19th,   1906,  Mr.  Robert  Angst,  Chief  Engineer,  writes : 

'"We  still  have  in  track  45  white  pines,  68  tamarack  ties,  79  Norway 
ties.  We  have  not  taken  out  any  of  the  ties  since  they  were  replaced  in 
the  track  in  1895.  The  rail  is  cutting  into  the  ties  pretty  badly,  most 
of  them  over  one-half  inch.  Otherwise  the  ties  are  in  pretty  good  shape. 
I  do  not  think  we  will  have  to  take  any  of  them  out  for  two  or  three 
years. 

"These  ties  are  on  a  maximum  grade  at  the  summit  of  a  long  pull, 
and  the  cutting  under  the  80  lb.  rail  has  become  more  marked  with  the 
increased  number  of  steel  ore  cars  of  50  tons  capacity  and  the  putting 
into  service  of  a  number  of  170  ton  consolidation  engines.  These  engines, 
like  all  consolidation  engines,  have  a  large  unloaded  space  between  the 
front  axle  of  the  tender  and  the  rear  driver,  and  I  suspect  that  the 
uplift  of  the  rail  between  these  two  points  which  travels  with  the  loco- 
motive, is  largely  to  blame  for  this  cutting,  as  the  sharp  reverse  vertical 
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curve  in  the  rail  close  to  the  rear  driver  has  a  tendency  to  rock  the  tie 
or  cause  the   rail  flange  to  cut  into  the  shoulder." 

The  replacing  in  track  refers  to  relaying  due  to  a  change  of  grade, 
at  which  time  some  of  the  ties  were  broken  by  dynamite,  used  in  taking 
up  the  track  in  the  winter. 

CHICAGO   &    NORTHWESTERN  RAILWAY. 

During  the  spring  of  1906,  a  few  treated  hemlock  ties  were  found  in 
the  track  between  Mayfair  and  Evanston,  111.  As  it  was  known 
these  ties  must  be  very  old,  inquiries  were  made  to  ascertain  when  and 
how  they  were  treated.  It  was  found  the  Chicago  Tie  Preserving  Com- 
pany had  treated  5,934  hemlocks  and  2,393  cedars  by  the  zinc  tannin 
process,  in  the  late  fall  of  1888.  The  hemlocks  received  0.22-lb.  and  the 
cedars  0.48-lb.  of  dry  zinc  chloride  per  cubic  foot.  Mr.  E.  C.  Carter, 
Chief  Engineer,  writes   (Septem.ber  14th,  1903)  : 

"Of  the  5,934  hemlock  ties  sent  to  H.  G.  Burt,  West  Chicago  Shops 
(40th  St.),  no  definite  record  is  obtainable.  It  appears  certain,  however, 
that  a  number  of  them  were  laid  in  main  track  of  the ,  Galena  Division 
about  one-half  mile  west  of  Dixon,  and  that  they  were  taken  out  about 
six  or  seven  years  ago.  No  record  of  their  condition  was  made  at  that 
time.  The  balance  of  these  ties,  it  is  supposed,  were  placed  in  track 
north  of  Mayfair  on  Chicago  Cut-ofif,  but  no  record  can  now  be  ob- 
tained. 

"Of  the  2,303  cedar  ties  sent  to  J.  B.  Berry  at  Milwaukee,  875  only 
can  be  located;  these  are  under  tracks  in  Milwaukee  train  shed  and  in 
good  state  of  preservation,  though  badly  worn  by  traffic,  and  for  that 
reason  require  replacement.  The  situation  of  these  ties  under  cover — 
being  planked  over  as  well  as  under  roof  and  laid  in  ballast  well  drained — 
is,  of  course,  an  exceptional  one,  and  calculated  to  prolong  the  life  of 
any  tie;  but  I  believe,  however,  their  present  good  condition  is  due  in 
part  to  the  treatment  they  received." 

A.    T.    &    S.    FE    RAILWAY     (LINES    EAST    OF    ALBUQUERQUE,     N.     M.). 

This  road  has  laid  up  to  January  ist,  1906,  Burnettized  ties  to  the 
amount  of  13,708,467.  Records  of  removal  prior  to  1897  are  lost,  but 
since  that  time  the  average  life  of  all  ties  removed  on  account  of  decay 
has  been  10.62  years.  Of  the  ties  laid  in  1885,  4,693  were  taken  out  in 
1904  and  4,633  in  1905.  In  1905  there  were  laid  2,192,027  treated  ties  and 
93,888  untreated  ties. 

CHICAGO    &    EASTERN    ILLINOIS    RAILROAD. 

This  road  has  been  using  ties  (principally  red  oaks)  treated  with 
zinc  tannin  since  1899,  the  total  number  laid  to  January   i,   1906,  being 
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1,337,413.  The  total  number  removed  to  the  same  date  has  been  6,118,  of 
which  75  per  cent,  were  taken  up  because  of  changes  in  track  and  track 
taken  up  and  were  probably  relaid ;  wrecks,  14  per  cent. ;  burnt,  5  per 
cent.;  the  balance,  316,  or  5  per  cent,  of  the  renewals,  were  taken  out  as 
rotten,  broken  and  for  unknown  causes.  If  all  of  these  had  come  from 
the  1899  ties  and  were  all  removed  because  of  decay,  99  per  cent,  would 
still  be  in   service  after   six  years. 

The  Southern  Pacific  road  continues  its  reports  of  service  received 
from  treated  ties,  although  unfortunately  those  for  the  year  ending  June 
30,  1906,  for  the  Pacific  System,  were  lost  in  the  San  Francisco  fire.  The 
report  for  the  Atlantic  System  shows  34  per  cent,  of  the  ties  laid  in 
track,  14  years  previously,  to  be  still  in  service ;  34  per  cent,  also  of  those 
laid  13  j^ears  previously;  46  per  cent,  of  those  in  track,  12  years;  58  per 
cent,  of  those  10  and  11  years;  60  per  cent,  of  those  9  years;  84  per  cent, 
of  those  8  years;  95  per  cent,  of  those  7  years;  96  per  cent,  of  those  6 
years ;  99  per  cent,  of  those  laid  later,  still  in  service. 

In  1880-1-2  there  were  150,000  ties  creosoted  with  about  10  lbs.  of 
oil  per  cu.  ft.  and  put  in  the  tracks  of  the  Houston  &  Texas  Central  Rail- 
way. Recently  it  has  been  found  that  11,282  of  these  are  still  in  service. 
No  information  is  obtainable  as  to  when  the  others  were  removed.  Mr. 
O.  Chanute  has  made  some  interesting  calculations  regarding  these  ties, 
assuming  that  those  remaining  have  been  in  now  24  years  and  that  they 
will  all  come  out  in  2  years  more.  By  applying  what  he  considers  the 
characteristic  curve  for  renewals,  based  largely  upon  European  experi- 
ence, extended  to  take  in  the  per  cent,  of  these  ties  still  in  track,  and 
therefrom  figuring  the  average  life  of  all  the  ties,  he  concludes  it  prob- 
able they  have  given  an  average  life  of  19.35  years. 

We  have  been  favored  with  a  report  made  by  representatives  of  the 
railroad  on  the  ties  in  the  experimental  track  on  the  Gulf,  Colorado  & 
Santa  Fe,  bringmg  the  information  thereon  down  to  January,  1907.  This 
piece  of  track  has  been  described  in  previous  reports  and  the  details  will 
not  be  repeated  here.  The  results  are  summarized  briefly.  All  ties  were 
laid  in  May,  1902.  Of  24  untreated  black  oaks,  only  2  remain  in  track, 
and  they  both  show  decay.  Of  153  treated  with  zinc  chloride,  none  have 
come  out,  and  only  4  show  any  decay.  Of  60  treated  with  zinc  and 
creosote,  in  two  injections,  all  are  good. 

Of  20  untreated  willow  oak  ties,  15  were  removed  in  1905  and  i  of 
the  remainder  now  shows  decay.  Of  40  treated  with  zinc,  only  i  shows 
decay ;    10  treated  with  zinc  creosote,  two  injections,  are  all  good. 

Of  20   Spanish   oaks,  4  are   out,  and  J? -of  the  remainder"  show  bad 
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decay.  Of  41  treated  with  zinc,  all  are  in  good  condition.  The  same  is 
true  of  those  treated  with  the   zinc  creosote. 

Of  20  untreated  turkey  or  yellow  butt  oaks,  18  were  removed  October, 
1906,  2  are  in  track  in  rjood  condition;  49  treated  with  zinc  and  with 
zinc  creosote,  are  all  in  good  condition. 

Of  91  untreated  red  oaks,  82  were  removed  in  1905,  and  of  the 
balance  in  track,  all  but- 2  show  decay.  Of  126  treated  with  zinc,  only  4 
show  any  decay;   10  treated  with  zinc  creosote  are  all  good. 

Of  197  untreated  white  oaks,  44  show  decay.  Of  401  treated  with 
zinc,  2  show  decay.     Of  100  treated  with  zinc  creosote,  i  shows  decay. 

Of  49  untreated  tam.aracks,  all  were  removed  in  February,  1905.  Of 
149  treated  with  zinc,  and  49  with  zinc  creosote,  none  show  decay. 

Of  100  untreated  loblolly  pines,  all  were  removed  in  May,  1904.  Of 
200  treated  with  zinc,  2  show  decay.  Of  100  treated  with  zinc  creosote,  i 
shows  decay.  Of  80  treated  with  zinc  and  Beaumont  crude  oil,  2  were 
removed  for  decay.  Of  100  immersed  in  spirittine,  80  were  removed  in 
1904,  18  in  1906  and  the  2  remaining  show  decay.  Of  42  soaked  in 
Beaumont  crude  oil  for  48  hours,  40  came  out  in  1904,  and  the  balance 
show  decay. 

Of  93  untreated  longleaf  pines,  85  were  removed  in  1904,  and  of  the 
balance,  all  but  i  show  decay.  Of  100  immersed  in  spirittine  8  were 
removed  in  1906,  and  of  the  balance,  36  show  decay.  Of  100  immersed 
for  48  hours  in  Beaumont  crude  oil,  71  were  removed  in  1906,  and  of 
the  balance,  4  show  decay.  Of  200  treated  with  zinc,  none  were  removed 
nor  show  decay.  Of  100  treated  with  zinc  creosote,  and  100  with  zinc 
and  Beaumont  crude  oil,  none  show  decay. 

Of  100  untreated  shortleaf  pines,  all  but  i  were  out  by  October,  1906, 
and  the  i  shows  decay ;  of  loi  untreated  hemlocks,  all  were  out  by 
September,  1904;  of  100  untreated  beech,  none  remain;  the  shortleaf, 
hemlock  and  beech  ties  treated  with  zinc  or  zinc  creosote,  all  remain  in, 
and  only  4  pines  and  2  beeches  show  decay. 

The  A.  T.  &  S.  F.  Ry.  has  been  experimenting  along  various  lines, 
especially  with  California  crude  oil  heated  and  forced  into  the  wood  under 
pressure.  Fourteen  such  ties  were  placed  in  the  experimental  track  in 
February,  1902.  These  are  all  still  in  good  condition.  Ties  boiled  in  zinc 
chloride  are  in  equally  good  condition.  There  were  84  ties  treated  at 
Somerville,  Texas,  in  1905,  with  Avenarius  Carbolineum,  in  the  manner 
specified  by  the  manufacturers,  viz.,  by  immersing  some  tics  in  the  com- 
pound heated  to  between  125°  F.  and  150°  F.,  and  by  coating  or  painting 
others  with  the  stuff  by  means  of  a  stiff  brush,  applying  all  they  would 
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absorb  in  this  way.     At  present  two  of  these  ties  have   fungi   on   them 
and    II   others   show  decay. 

Referring  further  to  the  ties  treated  with  the  California  oil,  addi- 
tional information  is  given  in  a  letter  from  Mr.  Faulkner,  Manager  of  the 
Tie  and  Timber  Department  of  the  A.  T.  &  S.  F.  Ry.  System,  as  follows: 

"We  have  been  using  crude  oil  in  our  engines  in  California  since 
1891,  and  a  few  years  thereafter  began  sprinkling  the  roadbed  with 
oil  to  keep  down  dust;  so  that  a  coating  of  oil  was  spread  over  the 
tops  of  the  ties,  which  seemed  to  add  to  their  life  (they  were  untreated") 
by  keeping  the  moisture  off  the  tops,  at  all  events  this  was  the  belief  of 
the  track  men. 

"In  the  vicinity  of  Bakersfield,  in  Kern  County,  California,  we  get 
an  oil,  costing  about  25  cents  per  barrel  of  42  gallons,  of  low  gravity, 
which  has  an  asphaltum  residuum  of  about  "/T^A  per  cent.,  the  balance 
being  mainly  light  oils,  so  that  when  Dr.  Von  Schrenk,  of  the  Govern- 
ment Service,  asked  our  people  for  a  length  of  track  in  Southeastern 
Texas  to  conduct  a  number  of  experimental  tests  on  the  different  wood 
preservative  processes  then  in  common  use,  we  took  the  opportunity  of 
putting  in  a  few  ties  of  each  kind  of  wood  treated  with  nothing  but  this 
same  crude  oil,  alongside  the  others,  in  order  to  obtain  a  practical  com- 
parison of  the  result.  These  were  treated  in  the  fall  of  1901  and  put  in 
the  track  in  March,  1902.  Where  they  are  laid  an  untreated  loblolly  pine 
tie  lasts  about  two  years,  and  a  longleaf  pine  less  than  four  years  on  ac- 
count of  heat  and  moisture,  so  that  we  use  this  piece  of  track  for  our 
wood  preservative  experiments  with  the  surety  that  if  a  tie  will  last 
from  decay  down  there  a  certain  length  of  time,  it  is  good  for  at  least 
three  times  the  life  in  other  places  on  the  System,  judging  by  the  life 
there  of  similar  wood  untreated. 

"The  timber  experts  claim  that  in  order  to  produce  decay,  moisture 
and  heat  must  be  present  at  the  same  time,  with  access  to  the  air.  We 
therefore  took  thoroughly  well  air-seasoned  ties,  in  which,  of  course,  the 
cells  would  be  m.ore  or  less  open,  and  filled  them  with  this  crude  oil 
heated  to  180  degrees  F.,  forced  in  under  a  pressure  of  150  lbs.  to  the 
square  inch ;  at  this  temperature  I  am  inclined  to  believe  that  a  good 
proportion  of  the  light  oils  had  evaporated,  leaving  only  the  asphaltum 
residuum,  which  was  then  as  fluid  as  creosote.  The  ties  took  up  from 
four  gallons  up  to  eight  gallons  per  tie,  only  one  taking  the  latter 
amount,  and  the  oil  appears  to  have  hardened  in  the  cells  under  at- 
mospheric temperature,  so  that  up  to  the  present  (five  years'  service) 
they  are  in  first  class  shape  so  far  as  preservation  and  wear  are  con- 
cerned. In  November  last  we  took  one  out  of  the  track  and  sawed  it 
in  two  in  the  middle  and  under  each  rail  base;  the  wood  was  as  sound 
and  firm  as  when  laid  in  the  track,  with  less  rail  cutting  than  with  the 
ether  treatments,  the  spike  holding  firmly,  and  when  drawn  was  as  bright 
and  clean  as  a  newly  made  one.     We  have  since  taken  out  another  pine 
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tie  of  a  dififerent  variety,  but  sawed,  and  found  on  sawing  it  the  same 
as  before,  that  the  wood  was  just  as  sound  and  firm.  In  one  place  the 
sawing  developed  a  decayed  place  in  the  tie,  which  had  taken  up  more 
oil  on  account  of  its  decay.  This  had  not  spread  or  caused  any  trouble, 
presumably  on  account  of  the  ring  of  oiled  wood  surrounding  it. 

"In  this  experimental  track  we  have  a  number  of  different  kinds 
of  wood  treated  with  different  processes.  They  all  show  up  well  except- 
ing one  (the  Hassellman),  which  has  practically  gone  to  pieces;  and  as 
a  contrast,  in  each  case  we  also  have  a  number  of  the  untreated  woods 
inserted  for  comparison.  We  do  not  claim  there  are  any  antiseptic  prop- 
erties in  the  crude  oil,  but  we  do  believe  that  by  stopping  up  the  open 
wood  cells  with  a  substance  which  solidifies  under  ordinary  temperature, 
we  prevent  heat,  moisture  and  air  from  getting  into  the  wood  and 
thereby  affording  an  opportunity  for  the  decay-producing  organisms  to 
begin  work.  This  seems  to  be  proven  in  our  case,  and  as  a  result  of 
the  test,  borne  out  by  general  experience  on  the  divisions  where  oiling 
has  been  done,  in  the  new  treating  plant  we  are  preparing  to  erect  in 
New  Mexico,  the  pine  ties  will  be  treated  with  this  same  grade  of  crude 
oil  forced  in  under  from  150  to  200  lbs.  pressure  at  a  temperature  of 
180  degrees  F.  We  will  probably  introduce  the  oil  under  a  vacuum,  and 
at  the  end  apply  a  low  vacuum  before  drawing  the  ties  out  of  the  cylinder, 
in  order  that  the  drip  may  have  a  show.  In  this  way  the  ties  are 
reasonably  clean  and  easily  handled  after  treatment.  I  am  also  arranging 
to  put  in  a  lot  more  in  the  Texas  experimental  track,  and  sending  some 
to   the  Tampico    Branch    of  the    Mexican    Central. 

The  analysis  of  the  crude  oil  used  is  as  follows : 

Flashes   242°  F. 

Burns    300°    F. 

Specific   gravity    0.966 

Degrees  Beaume    15 

Gasoline  Trace 

Ilium,    kerosene    22% 

Sulphur     2.41  % 

Residuum    (chiefly   asphaltum)    78% 

The  crude  oil  treatment  by  the  Santa  Fe  Railway  will  be  confined 
to  those  ties  treated  at  the  new  plant  about  to  be  erected  at  Belon,  N.  M. ; 
bridge  timber,  piling  and  also  ties  treated  at  the  other  plants  being  creo- 
soted  as  before. 

This  experimental  track  is  located  purposely  in  one  of  the  most 
unfavorable  places  in  this  country  to  the  life  of  a  tie.  The  rainfall  is 
heavy  and  the  heat  great.  One  of  the  criticisms  made  in  the  past  years 
on  the  results  secured  with  treated  ties  on  the  Southern  Pacific  and  the 
Santa  Fe  roads,  was  that  such  results  were  not  conclusive  as  to  what 
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could  be  expected  in  Illinois,  Ohio  or  New  York,  because  these  roads  ran 
through  arid  districts,  where  everything  was  favorable  to  the  zinc  treated 
tie.  Such  criticisms  were  justified  then,  but  in  the  light  of  such  evidence 
as  this  experimental  track  affords,  of  the  increased  life  of  the  treated  tie 
as  compared  with  the  untreated  one,  there  can  be  no  question  of  the 
value  of  such  treatment.  It  does  not  yet  appear  what  the  life  of  the  zinc 
treated  tie  will  be,  but  if  all  of  the  red  oaks  so  treated  come  out  in 
1907,  the  two  years  longer  life  secured  therefrom,  as  compared  with  the 
untreated  tie,  would  pay  for  the  cost  of  treatment ;  and  there  is  no  reason 
to  expect  them  to  come  out  for  years  to  come. 

This  is  even  more  true  of  the  pines,  beeches  and  hemlocks.  There 
can  be  little  question  but  that  for  such  conditions  the  treatment  of  the 
white  oaks  would  be  profitable,  especially  with  creosote. 

When  such  experimental  results  are  supplemented  by  those  in  the 
large  use  in  other  roads,  it  would  seem  that  the  question  confronting  the 
railroad  officials  would  be  not,  "does  treatment  pay,"  but  "what  treat- 
ment will  pay  best    for  this  particular  road." 


SPECIFICATIONS   FOR  TIE  TREATMENT. 

*GENERAL    REQUIREMENTS. 

No  ties  shall  be  treated  earlier  than  90  days  after  cutting  and  piling 
in  open  spaces  to  season,  if  of  pine;  or  120  days  if  of  oak;  and  for 
other  timbers  for  such  period  as  is  necessary  to  bring  them  to  a  cor- 
responding degree  of  seasoning.  If  this  is  done  prior  to  receipt  at  the 
treating  works,  ties  may  be  loaded  direct  from  the  cars  to  the  trains ; 
otherwise  they  must  be  unloaded  on  the  ground,   stacked  in  piles   eight 

(8)  ft.  square,  with  two  ties  only  in  bottom  layer  and  two  and  seven  in 
every  alternate  layer,  except  the  top  one,  which  shall  be  laid  close  with 
an  extra  tie  under  one  end  to  form  a  rain  shed.  The  outside  ties  in  each 
layer  shall  be  placed  on  edge  to  provide  an  air  space  above  each  layer. 
The  piles  shall  be  placed  ten    (10)    ft.  centers  in  one  direction  and  nine 

(9)  ft.  centers  in  the  other  direction.  When  so  stacked,  ties  shall  be 
allowed  to  season  for  a  time  at  least  sufficient  to  make  up  the  90  and  120 
days  required,  or  other  time  necessary  to  thoroughly  air  season.  Ties 
treated  in  the  same  run  shall  be  as  nearly  as  possible  uniform  in  kind 
and  degree  of  seasoning.  No  ties  shall  be  put  into  the  cylinder  which 
do  not  conform  to  the  requirements  of  the  tie  specifications  as  to  shakes, 
checks,  etc.  All  ties  which  show  signs  of  checking  should  be  provided 
with  "S"  irons,  bolts,  or  other  device,  in  order  to  prevent  further  check- 
ing during  and  after  treatment,  which  would  be  liable  to  render  the  tie 
worthless.  Where  ties  are  to  be  adzed  or  bored  for  subsequent  insertion 
of  tie-plates  or  screw  spikes,  such  adzing  and  boring  shall  in  all  cases 
be  done  before  treatment. 

When  in  condition  to  treat,  the  ties  shall  be  placed  in  the  cylinders, 
the  door  closed  and  live  steam  admitted  at  such  rate  as  to  secure  20 
lbs.  of  steam  pressure  within  30  to  50  minutes,  as  shown  by  gage  con- 
nected to  the  cylinder.  This  pressure  shall  be  maintained  for  periods 
varying  from  one  to  five  hours,  depending  upon  the  character  of  the  tim- 
ber and  its  condition ;  but  the  pressure  as  indicated  on  the  gage  shall  at 
no  time  be  allowed  to  exceed  20  lbs.  Where  the  timber  is  absolutely  air- 
seasoned  and  it  is  possible  to  secure  the  desired  penetration  without 
steaming,  this  may  be  omitted  entirely,  subject  to  the  approval  of  the 
purchaser.     During  the  time  of  steaming  a  vent  shall  be  kept  open  in  the 


*The  General  Requirements  apply  to  each  of  the  following  treatments. 
If  used  in  specifications  for  the  purchase  of  ties  or  for  treatment,  then 
paragraphs  should  be  followed  only  by  the  particular  treatment   desired. 
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bottom  of  the  cylinder  or  in  the  drain  therefrom  to  permit  the   escape 
of  air  and  the  condensed  water  in  the  cylinder. 

When  the  steaming  is  completed  the  steam  shall  be  blown  off,  and 
a  vacumn  of  not  less  than  24  in.  of  mercury  produced,  if  the  works  are 
located  at  sea  level,  or  a  corresponding  degree  of  vacuum  produced  at 
higher  altitude. 

ZINC    CHLORIDE    TREATMENT. 

This  vacuum  shall  be  maintained  for  at  least  one-half  hour,  at  tho 
expiration  of  which  time  zinc  chloride  shall  be  admitted  without  other- 
wise breaking  the  vacuum;  a  pressure  of  100  lbs.  per  sq.  in.  applied,  and 
maintained  until  the  desired  absorption  is  obtained.  The  amount  of 
solution  injected  shall  be  equivalent  to  i^-lb.  of  dry  soluble  zinc  chloride 
per  cubic  foot  of  timber.  The  solution  shall  be  as  weak  as  can  be  used, 
and  still  obtain  the  desired  absorption  of  zinc  chloride,  and  shall  not  be 
stronger  than  5  per  cent.  The  solution  shall  be  heated  to  a  tempera- 
ture of  not  less  than  140  degrees  before  admission  to  the  cylinder.  If 
the  cylinders  are  provided  with  steam  coils,  steam  pressure  shall  be 
maintained  in  these  coils  during  treatment. 

The  zinc  chloride  used  shall  be  as  free  from  any  impurities  of  any 
kind  as  is  practicable,  being  slightly  basic,  absolutely  free  from  free  acid, 
containing  not  more  than  yjg^  of  i  per  cent,  of  iron.  The  amount  of 
chloride  specified  to  be  injected  shall  be  of  soluble  zinc  chloride  only. 
The  amount  of  solution  absorbed  shall  be  determined  by  calculation 
based  on  the  gage  readings  of  the  tank  holding  the  supply  of  solution. 
The  strength  of  the  zinc-chloride  solution  must  be  carefully  controlled 
from  time  to  time  by  hydrometer  readings.  Borings  shall  be  taken 
from  time  to  time  from  at  least  six  ties  treated  in  the  same  run,  and  a 
determination  of  the  actual  zinc  chloride  according  to  the  standard 
method  shall  be  made.  The  holes  made  in  taking  these  borings  to  be 
plugged  tightly  and  completely  with  creosoted  plugs. 

ZINC    TANNIN    TREATMENT. 

This  vacuum  shall  be  maintained  for  at  least  one-half  hour,  at  the 
expiration  of  which  time  zinc  chloride  shall  be  admitted  without  other- 
wise breaking  the  vacuum;  a  pressure  of  100  lbs.  per  sq.  in.  applied,  and 
maintained  until  the  desired  absorption  is  obtained.  The  amount  of 
solution  injected  shall  be  equivalent  to  ^-Ib.  of  dry  soluble  zinc  chloride 
per  cubic  foot  of  timber.  The  solution  shall  be  as  weak  as  can  be 
used  and  still  obtain  the  desired  absorption  of  zinc  chloride,  and  shall 
not  be  stronger  than  5  per  cent.  The  solution  shall  be  treated  to  a 
temperature  of  not  less  than  140  degrees  before  admission  to  the  cylin- 
der. If  the  cylinders  are  provided  with  steam  coils,  steam  shall  be 
maintained   in    these    coils    during    the    entire    treatment. 

After  the   required   amount   of  zinc   chloride   has   been   injected    this 
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solution  shall  be  run  off  and  the  ties  allowed  to  drain  for  15  minutes. 
The  chloride  draining  off  shall  be  blown  or  run  off,  and  a  2  per  cent, 
solution  of  tannic  acid,  made  by  mixing  6^  lbs.  of  30  per  cent,  extract 
of  tannin  with  100  lbs.  of  water,  run  in,  arid  a  pressure  of  100  lbs. 
produced  and  maintained  one-half  hour.  This  shall  then  be  run  off,  a 
I  per  cent,  solution  of  glue  (made  by  dissolving  2iV  lbs.  of  glue  con- 
taining 50  per  cent,  gelatine  in  100  lbs.  water)  shall  be  admitted  to 
the  cylinder  and  a  pressure  of  100  lbs.  produced  and  maintained  for 
one-half  hour.  Care  shall  be  taken  to  maintain  the  solution  containing 
the  glue  and  tannic  acid  up  to  their  original  strength  in  these  elements. 
The  zinc  chloride  used  shall  be  as  free  from  all  impurities  of  any 
kind  as  is  practicable,  being  slightly  basic,  absolutely  free  from  free 
acid,  containing  not  more  than^ggo^of  i  per  cent.  iron.  The  amount  of 
chloride  specified  to  be  injected  shall  be  of  soluble  zinc  chloride  only. 
The  amount  of  solution  absorbed  shall  be  determined  by  calculation 
based  on  the  gage  readings  of  the  tanks  holding  the  supply  of  solution. 
The  strength  of  the  zinc-chloride  solution  must  be  carefully  controlled 
from  time  to  time  by  hydrometer  readings.  Borings  should  be  taken 
from  time  to  time  from  at  least  six  ties  treated  in  the  same  run,  and 
a  determination  of  the  actual  zinc  chloride  according  to  the  standard 
method  should  be  made.  The  holes  made  in  taking  these  borings  to  be 
plugged  tightly  and  completely  with  creosoted  plugs. 

CREOSOTING. 

This  vacuum  shall  be  maintained  for  at  least  one-half  hour,  at  the 
expiration  of  which  time  dead  oil  of  coal  tar  shall  be  admitted  without 
otherwise  breaking  the  vacuum;  a  pressure  of  ico  lbs.  per  sq.  in. 
applied,  and  maintained  until  the  desired  absorption  is  obtained.  The 
amount  of  dead  oil  to  be  injected  shall  be  that  provided  for  in  the  con- 
tract for  ties;  suggested  to  be  10  lbs.  per  cubic  ft.  The  dead  oil  shall 
be  heated  to  a  temperature  of  not  less  than  140  degrees  before  admission 
to  the  cylinder.  All  cylinders  must  be  provided  with  sufficient  steam 
coils  to  fully  maintain  this  temperature  during  injection,  steam  pressure 
being  maintained  in  these  coils  also  during  vacuum.  The  dead  oil  shall 
comply  with  the  standard  specifications  therefor,  as  determined  by  stand- 
ard methods  of  analysis.  The  amount  of  oil  absorbed  shall  be  deter- 
mined by  calculation  based  upon  gage  readings  taken  before  the  intro- 
duction of  the  oil  into  the  cylinder  and  after  forcing  back  the  oil  after 
treatment. 

All  oil  shall  be  analyzed  when  received  at  the  works;  these  sam- 
ples being  taken  in  the  manner  prescribed  by  the  specifications  for  oil. 
At  least  once  during  each  week  samples  of  oil  shall  be  taken  from  the 
cylinders  during  the  treatment  and  analyzed  to  determine  if  the  water  in 
the  oil  exceeds  the  limit  in  the  specifications.     If  so,  a   correspondingly 
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greater  amount  shall  be  injected.  If  this  amount  of  water  exceeds  lo 
per  cent.,  steps  shall  be  taken  before  it  is  used  to  remove  the  water,  so 
as  to  bring  the  oil  within  the   limits   of   the   specifications. 

This  vacuum  shall  be  maintainecl  for  at  least  one-half  hour,  at  the 
expiration  of  which  time  zinc  chloride  containing  %  of  i  per  cent,  of 
glue  shall  be  admitted  without  otherwise  breaking  the  vacuum ;  a 
pressure  of  lOO  lbs.  per  sq.  in.  applied,  and  maintained  until  the  desired 
absorption  is  obtained.  The  amount  of  solution  injected  shall  be  equiv- 
alent to  ^-Ib.  of  dry  soluble  zinc  chloride  per  cubic  foot  of  timber. 
The  solution  of  zinc  chloride  shall  be  as  weak  as  can  be  used,  and  still 
obtain  the  desired  absorption  of  zinc  chloride,  and  shall  not  be  stronger 
than  5  per  cent.  The  solution  shall  be  heated  to  a  temperature  of  not 
less  than  140  degrees  before  admission  to  the  cylinder.  If  the  cylinders 
are  provided  with  steam  coils,  steam  pressure  shall  be  maintained  in 
these  coils  during  the  entire  treatment. 

After  the  required  amount  of  zinc  chloride  and  glue  has  been 
injected,  this  solution  shall  be  run  off  and  ties  allowed  to  drain  for  15 
minutes.  The  chloride  and  glue  draining  off  shall  be  blown  or  run  off 
and  a  J^  of  I  per  cent,  solution  of  tannic  acid  run  in,  and  a  pressure 
of  100  lbs.  produced  and  maintained  1V2  hours.  Care  shall  be  taken  to 
maintain  the  solution  containing  the  glue  and  tannic  acid  up  to  their 
original  strength  in  these  elements. 

The  zinc  chloride  used  shall  be  as  free  from  any  impurities  of 
any  kind  as  is  practicable,  being  slightly  basic,  absolutely  free  from  free 
acid,  containing  no  more  thanxooTjof  i  per  cent,  of  iron.  The  amount 
of  chloride  specified  to  be  injected  shall  be  of  soluble  zinc  chloride  only. 
The  amount  of  solution  absorbed  shall  be  determined  by  calculation 
based  on  the  gage  readings  of  the  tanks  holding  the  supply  of  solution. 
The  strength  of  the  zinc-chloride  solution  must  be  carefully  controlled 
from  time  to  time  by  hydrometer  readings.  Borings  should  be  taken 
from  time  to  time  from  at  least  six  ties  treated  in  the  same  run,  and  a 
determination  of  the  actual  zinc-chloride  according  to  the  standard 
method  should  be  made.  The  holes  made  in  taking  these  borings  to  be 
plugged  tightly  and  completely  with  creosoted  plugs. 

TWO-INJECTION    ZINC    CREOSOTE. 

This  vacuum  shall  be  maintained  for  at  least  one-half  hour,  at  the 
expiration  of  which  time  zinc  chloride  shall  be  admitted  without  other- 
wise breaking  the  vacuum;  pressure  applied  and  maintained  until  the 
desired  absorption  is  obtained.  The  amount  of  solution  injected  shall 
be  equivalent  to  /o-lb.  of  dry  soluble  zinc  chloride  per  cubic  foot  of 
timber.  The  solution  shall  be  as  weak  as  can  be  used,  and  still  obtain 
the   desired  absorption  of  zinc   chloride,   and   shall   not   be   stronger   than 
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5  per  cent.  The  solution  shall  be  heated  to  a  temperaure  of  not  less 
than  140  degrees  before  admission  to  the  cylinder. 

The  solution  of  zinc  chloride  shall  then  be  run  out,  and  dead  oil 
of  coal  tar  immediately  admitted  to  the  cylinder,  pressure  applied  of 
100  lbs.  per  sq.  in.,  and  oil  injected  into  the  ties  to  the  average  amount 
of  3  lbs.  of  oil  per  cubic  foot  of  timber.  The  oil  shall  be  heated  to 
a  temperature  of  not  less  than  140  degrees  before  admission  to  the 
cylinder.  All  cylinders  must  be  provided  with  sufficient  steam  coils  to 
fully  maintain  this  temperature  during  injection,  and  steam  shall  be 
maintained  in  the  coils  also  during  injection  of  the  zinc  chloride  and 
during  vacuum.  The  dead  oil  shall  comply  with  the  standard  specifica- 
tions therefor,  as  determined  by  standard  methods  of  analysis.  The 
amount  of  oil  absorbed  shall  be  determined  by  calculation  based  upon 
gage  readings  taken  before  the  introduction  of  the  oil  into  the  cylinder, 
and  after  forcing  back  the  oil  after  treatment. 

All  oil  shall  be  analyzed  when  received  at  the  works ;  these  sam- 
ples being  taken  in  the  manner  prescribed  by  the  specifications  for  oil. 
At  least  once  during  each  week  samples  of  oil  shall  be  taken  from  the 
cylinders  during  treatment  and  analyzed  to  determine  if  the  water  in  the 
oil  exceeds  the  limit  in  the  specifications.  If  so,  a  correspondingly 
greater  amount  shall  be  injected.  If  this  amount  of  water  exceeds  10 
per  cent,  steps  shall  be  taken  before  it  is  used  to  remove  the  water,  so 
as  to  bring  the  oil  within  the  limits  of  the  specifications. 

STATISTICS. 

The  members  of  the  Association  have  been  requested  to  furnish  the 
Committee  with  copies  of  their  tie  renewal  statistics,  and  a  gratifying 
increase  in  the  number  complying  with  this  request  is  to  be  noted. 

The  information  contained  in  the  reports  received  is  as  yet  not  such 
as  to  warrant  the  Committee  in  publishing  it;  but  it  is  believed  that 
within  a  short  time  a  sufficient  number  of  roads  will  be  filling  out  these 
blanks  as  to  make  the  information  valuable  to  the  members  of  the 
Association. 
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CONCLUSIONS. 

Your   Committee   recommends    for   adoption   the   following: 

(i)     That  the  standard  tie  for  first-class  track  be  7  in.  by  8  in.  by 

Sli   ft. ;   for  second  class   track,  7  in.   by  8  in.   by  8  ft. ;   for  third  class 

track,  6  in.  by  8  in.  by  8  ft. 

(2)     That  the   Specifications   for   Tie   Treatment,   submitted   in    1906, 

be   adopted. 

Respectfully  submitted, 

E.    B.    Gushing^   General   Superintendent,    Morgan's    Louisiana    &   Texas 
Railroad,  New  Orleans,  La.,  Cliain)ian. 

W.  W.  Curtis,  Consulting  Engineer,  Chicago,   Vice-Chairman. 

E.   G.  Ericson,   Principal  Assistant  Engineer,   Pennsylvania   Lines,    Pitts- 
burg, Pa. 

E.  O.  Faulkner,  Manager,  Tie  &  Timber  Department,  Santa  Fe,  Topeka, 
Kan. 

E.  E.  Hart,  Chief  Engineer,  New  York,  Chicago  &   St.   Louis  Railway, 
Cleveland,  O. 

A.   S.  More,  Engineer  Maintenance  of  Way,   Cleveland,   Cincinnati,   Chi- 
cago &  St.  Louis  Railway,  Wabash,  Ind. 

J.  C.  Nelson,  Engineer  Maintenance  of  Way,  Seaboard  Air  Line,   Nor- 
folk, Va. 

S.  M.  RowE,  Engineer  Forest  Service,  Chicago,  111. 

H.   R.    Safford,   Chief   Engineer   M.    W.,    Illinois    Central    Railroad,    Chi- 
cago, 111. 

H.  J.  Simmons,  General  Manager,  El  Paso  &  Southwestern  Railway,  El 
Paso,  Texas. 

Dr.    Hermann   Von    Schrenk,   Pathologist,   Department   Agriculture,    St. 
Louis,  Mo. 

Coiiunittee. 
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Appendices  to  Report  on  Ties. 


A— COMPARATIVE    VALUE    OF    CROSS-TIES    OF    DIFFERENT 

MATERIALS. 

By  W.   C.   Cushing,  Chief  Engineer  of   Maintenance  of  Way,  Pennsyl- 
vania Lines  West  of  Pittsburg,   S.  W.   System. 

Having  been  approached  from  time  to  time  by  the  inventors  of 
different  designs  of  concrete  and  steel  cross-ties,  the  writer  found  it 
necessary  to  make  an  investigation,  with  a  view  to  determining,  as 
closely  as  possible,  the  relative  value  of  such  cross-ties,  taking  cost  and 
prospective  life  into  account,  as  compared  with  the  wooden  cross-ties 
at  present  in  use.  It  seemed  to  him  that  the  article  by  Mr.  S.  Whinery, 
on  page  Zl  of  the  Railroad  Gazette  for  November  ii,  1904,  furnished 
the  best  plan  for  this  study,  and,  accordingly,  the  accompanying  tables 
have  been  derived  from  Mr.  Whinery's  formulas. 

Some  of  the  data  used  are  costs  established  from  actual  practice 
and  from  reliable  information  given,  while  in  other  cases  assumptions 
have  been  made  after  examining  the  most  reliable  information  available. 
It  is  quite  true,  of  course,  that  these  figures  cannot  be  considered  as 
absolutely  correct,  but  it  is  believed  by  the  writer  that  they  are  fairly 
trustworthy. 

In  connection  with  the  tables,  the  following  deductions  have  been 
made,  and  are  presented  to  the  members  of  the  Association  for  their 
own  consideration: 

DEDUCTIONS    FROM    TABLE    I. 

(i)  With  white  oak  ties  costing  70  cents  delivered  on  the  railroad, 
it  is  economical  at  the  present  time  to  buy  inferior  woods  at  a  price 
not  to  exceed  50  cents,  have  them  treated  with  zinc -chloride  or  zinc- 
tannin,  lay  them  in  the  tracks  without  the  use  of  tie-plates  (except 
where  it  is  necessary  to  use  them  on  oak  ties)  and  use  a  standard 
railroad  spike.  A  life  of  ten  (10)  or  eleven  (11)  years  has  been  found 
to  be  a  maximum  for  such  ties  without  the  use  of  tie-plates  and  better 
fastenings,  and  if  the  life  of  ten  (10)  years  is  not  attained,  there  will 
be  that  much  loss  to  the  company. 

(2)  When  a  white  oak  tie  reaches  a  cost  of  86  cents  or  87  cents 
delivered  on  the  railroad,  it  will  be  economical  to  use  the  zinc-creosote 
process,  or  straight  creosote  costing  30  cents,  if  the  tie  costs  46  cents 
delivered  on  the  railroad  and  will  last  sixteen  (16)  years;  or,  it  will  be 
economical  to  use  straight  creosoting  costing  85  cents  for  treatment  if 
the  tie  can  be  made  to  last  thirty   (30)   years,  which  is  French  practice, 
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before  the  oak  tie  reaches  a  cost  of  80  cents  dehvered  on  the  railroad. 
In  both  of  these  cases,  it  is  assumed  that  tie-plates,  wood  screws  and 
helical  linings  are  used  because  ties  cannot  be  made  to  last  more  than 
ten  (10)  or  twelve  (12)  \'ears  without  the  use  of  proper  fastenings, 
since,  otherwise,  the  tie  will  be  destroj^ed  by  mechanical  wear.  It  is 
necessary,  therefore,  to  use  improved  fastenings  when  we  expect  to 
obtain  a  life  of  ties  greater  than  ten   (10)   or  eleven  (11)   years. 

It  will  also  be  economical  to  use  a  steel  tie  costing  $1.75  dehvered,  if 
it  will  last  twenty   (20)   j'ears. 

(3)  When  the  white  oak  tie  reaches  a  cost  of  90  cents  delivered 
on  the  railroad,  it  will  be  economical  to  use  either  ties  of  inferior  woods 
treated  with  zinc-tannin  if  a  life  of  fourteen  (14)  years  can  be  obtained, 
the  improved  fastenings  being  used;  or  a  concrete  tie  costing  $1.50  if 
it  will  last  twenty  (20)  years. 

(,4)  When  the  price  of  white  oak  ties  reaches  $1  it  will  be  eco- 
nomical to  use  a  steel  tie  costing  $2.50  if  it  will  last  thirty  (30)  years,  a 
concrete  tie  costing  $2.25  if  it  will  last  thirty  (30)  years,  or  an  inferior 
wood  tie  treated  with  zinc-chloride  if  a  life  of  twelve  (12)  years  can 
be  obtained. 

DEDUCTIONS   FRO.M    TABLE   II. 

(5)  With  ties  of  inferior  woods  costing  46  cents  delivered  on  the 
railroad  we  must  obtain  a  life  of  from  eighteen  (18)  to  twenty  (20) 
years,  whether  treated  with  zinc-chloride,  zinc-tannin  or  zinc-creosote,  to 
make  them  as  economical  as  white  oak  ties  costing  70  cents.  It  is 
assumed,  of  course,  that  they  must  have  the  most  approved  fastenings  in 
order  to  attain  an  age  as  great  as  that. 

(6)  With  inferior  woods  costing  46  cents  delivered  on  the  railroad, 
and  if  the  creosoting  costs  30  cents,  it  will  be  necessary  for  us  to  obtain 
a  life  of  twentj--one  (21)  years  in  order  to  make  them,  as  economical 
as  white  oak  ties  costing  70  cents  delivered. 

(7)  With  inferior  wood  ties  costing  46  cents  delivered,  and  with  the 
creosote  treatment  costing  85  cents  as  in  French  practice,  it  will  be  neces- 
sary for  us  to  obtain  a  life  of  thirty-six  (36)  years  from  the  ties  in 
order  to  make  them  as  economical  as  white  oak  ties  costing  70  cents 
delivered. 

(8)  With  steel  ties  costing  $1.75  each  delivered,  it  will  be  neces- 
sary for  us  to  obtain  a  life  of  twenty-eight  and  one-half  (28V2)  years 
in  order  to  have  them  as  economical  as  white  oak  ties  costing  70  cents 
delivered.  This  price  is  a  little  less  than  the  cost  of  the  Buehrer  steel 
ties  in  the  tracks  at  Emsworth. 

(9)  With  concrete  ties  costing  $1.50  each  delivered,  it  will  be 
necessary  for  them  to  last  twenty-eight  (28)  years  before  they  will  be 
as  economical  as  the  white  oak  ties  costing  70  cents  delivered. 

(10)  W^ith  steel  ties  costing  $2.50  delivered  and  concrete  ties  cost- 
ing  $2.25    delivered,    which    are    approximately    the    prices    of    the    Seitz 
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steel  tic  and  the  Buehrer  concrete  tie,  in  the  tracks  at  Emsworth,  it  is 
necessary  for  them  to  last  over  fifty  (50)  years  each  jn  order  to  make 
thcni  as  economical   as  the  white  oak  tics  costing  70  cents  delivered. 

DEDUCTIONS    FROM    TABLE    III. 

(11)  In  order  to  make  treated  inferior  woods  as  economical  as 
white  oak  costing  70  cents  delivered,  when  the  treated  ties  are  equipped 
with  proper  fastenings  in  order  to  make  them  last  as  long  as  has  been 
found  practicable  by  experience,  we  can  only  afford  to  pay  for  the  ties 
delivered  on  the  railroad,  10  cents  each  when  treated  with  zinc-chloride; 
20  cents  each  when  treated  with  zinc-tannin,  or  creosoted  at  30  cents ; 
23  cents  each  when  treated  with  zinc-creosote,  and  29  cents  each  when 
creosoted  in  accordance  with  French  practice. 

(12)  In  order  to  make  them  as  economical  as  white  oak  ties  cost- 
ing 70  cents  delivered,  we  can  only  afford  to  pay  $1.48  each  for  steel 
ties  which  last  twenty  (20)  years,  and  $1.79  each  when  lasting  thirty 
(30)  years. 

(13)  In  order  to 'make  them  as  economical  as  white  oak  ties  costing 
70  cents  delivered,  we  can  only  afford  to  pay  as  first  cost  of  concrete  ties 
delivered,  $i.iS  each,  if  they  last  twenty  (20)  years,  and  $1.57  each  if 
they  last  thirty    (30)    years. 

(14)  We  know  nothing  about  the  life  of  concrete  ties,  and  it  is  at 
least  very  desirable  to  experiment  with  them  for  yard  and  side  tracks 
even  though  we  do  not  use  them  in  the  main  tracks,  because  they  might 
lie  undisturbed  in  yard  tracks  for  many  more  years  than  they  would  in 
main  tracks. 

(15)  When  white  oak  ties  are  costing  70  cents  delivered  (about 
present  prices),  we  can  afford  to  buy  inferior  oak  and  other  hard  woods 
at  45  cents  to  50  cents  (present  prices),  and  have  them  treated  with 
the  zinc-tannin  or  zinc-chloride  processes,  and  only  use  common  spike 
fasteninr  s. 
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B— DISCUSSION    OF    PAPER    ON    "COMPARATIVE   VALUE    OF 
CROSS-TIES    OF    DIFFERENT    MATERIALS." 

B}'  O.    Chanute,   Consulting  Engineer. 

The  writer  believes  that,  in  his  thoughtful  and  valuable  paper,  pub- 
lished in  Bulletin  No.  75,  for  I\Iay,  IQ06,  Mr.  W.  C.  Cushing  is  overcon- 
servative  in  assuming  a  life  of  but  10  years  for  inferior  woods  well 
treated  with  zinc-tannin  and  laid  in  the  tracks  without  the  use  of 
tie-plates.  It  was  demonstrated  that  over  five  millions  hemlock  and 
tamarack  ties  treated  by  the  writer  for  the  Chicago,  Rock  Island  & 
Pacific  Railway  averaged  a  life  of  io5^  years  in  the  tracks  east  of  the 
Missouri  River,  and  of  11 7^  years  west  of  that  river,  the  latter  in  con- 
sequence of  the  lesser   rainfall. 

These  ties  were  mostly  treated  by  the  original  two-injection  zinc- 
tannin  process,  which  was  changed  in  1895  to  the  three-injection  process. 
By  this  latter  a  good  many  ties  were  treated  by  the  writer  from  i8g8 
to  1903  for  the  Southwest  System  of  the  Pennsylvania  Lines  West  of 
Pittsburg,  and  86,346  of  them  have  been  located  in  the  track,  all  being 
beech,  red  and  black  oak,  which  accept  the  treatment  better  than  hem- 
lock  or   tamarack   ties. 

It  is  confidently  believed  by  the  writer  that  these  86,346  ties  will 
exhibit  an  average  life  of  12  to  14  years  if  laid  without  tie-plates  or 
wood  screws.  Doubtless  they  would  do  still  better  if  fastened  to  tht 
rail  with  wood  screws.  He  also  believes  that  creosoted  wooden  tie- 
plates,  cut  from  the  gnarly  butts  of  the  poplar,  such  as  are  used  in 
France,  will  give  satisfaction  in  this  country.  They  cost  about  4  cents 
a  tie,  instead  of  the  32  cents  for  iron  tie-plates,  estimated  by  Mr.  Cush- 
ing,  and    are   said   to   last    10  years. 

As  an  indication  of  what  is  being  accomplished  with  zinc-tannin 
injection  and  ordinary  fastenings,  a  table  is  hereto  appended  showing 
the  record  of  the  treatment  of  red,  black  and  water  oak  ties  at  i\It. 
Vernon,  111.,  for  the  Chicago  &  Eastern  Illinois  Railroad,  together 
with  the  record  of  those  removed  up  to  April  ist,  igo6,  which  has  been 
kindly  furnished  by  Mr.  R.  H.  Howard,  Engineer  of  Maintenance  of 
Way. 

Until  the  system  of  tie  fastening  is  thoroughly  reformed  in  this 
country  and  the  barbaric  spike  abandoned,  it  seems  probable  that  the 
life  of  ties  will  be  limited  by  mechanical  wear,  and  that  from  this 
point  of  view  the  zinc-creosote  process  will  be  a  good  one  to  use.  This 
has  been  introduced  at  the  Paris  (111.)  plant,  with  which  the  writer 
is  connected,  and  after  a  year's  experimenting  success  has  been  achieved 
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in  thoroughly  overcoming  the  only  defect  found  in  that  process,  i.  e., 
the  possible  separation  of  the  oil  from  the  watery  solution  of  chloride 
of  zinc  during  the  period  of  pressure  required  to  inject  the  desired 
quantity. 


RKCORD  OF  OAK  TIKS  (RKD,  BLACK  AND  WATER  OAK)  TREATED  AT  MT.  VER- 
NON BY  ZINC-TANNIN  PROCESS  FOR  C.  &  E.  1.  R.  R.  CO. 


Year. 


1899 
1900 
1901 
1902 
1903 
1904 
1905 


No.  Ties 
Treated. 


Cubic  Ft. 
Treated. 


111.816 
221,568 
172.447 
194.4:10 
92.317 
181.426 
255.144 


296.954 
576.250 
445.816 
507.802 
246.753 
461.992 
713.834 


Gallons  Lbs.  ^  f  H*.-       '    Stren-th  I  %\^*."t'- 

sap  solution       ^olXdlof^ohUion    Chlonde 

Extracted.    Injected.    p-^,^^?^';''|.'|  '  ;Average).   p'e^  C^  Ft. 


40.148 
57.804 
40.878 
44.644 
26.368 
42.722 


4.391,870 
7.894.590 
6.888.213 
7.175.125 
3.480.3ti0 
5.832.190 
9.150,520 


14.79 
13.70 
15.45 
14.20 
14.10 
12.62 
12.82 


3.72% 

0.55 

3.70% 

0.51 

3.40% 

0.53 

3.73% 

0.53 

4.00% 

0.56 

4.20% 

0.53 

4.10% 

0.53 

STATEMENT  OF  TREATED  TIES  RENEW  ED  ON  C.  .fc  E.  I.  R.  R. 
PREPARED  BY  R.  H.  HOWARD.  ENG.  M.  \V. 
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' 

Chang- 

Track-s 

Cause 

Year. 

Rotten. 

]  Broken. 

IJmnt. 

W  recks. 

ing 
Trac.k. 

Taken 
Up. 

Not 
Known. 

Total. 

1900 

o 

17 

11 

30 

1901 

3 

160 

17 

i,7io 

1.890 

1902 

li 

25 

39 

409 

484 

1903 

15 

•> 

43 

94 

393 

240 

787 

1904 

66 

:       27 

39 

324 

262 

718 

1905 

108 

17 

19 

236 

178 

1.406 

55 

2.019 

1906  to 

1 

April  1 

— 

1 

149 

8 

159 

Total.. 

194 

j         59 

303 

870 

2.. 343 

2.055 

63 

6,087 

The  results  to  be  e.xpected  in  tie  preservation  depend,  of  course, 
upon  the  thoroughness  and  skill  with  %vhich  the  work  is  done.  For 
this  reason  some  of  the  important  railways  are  now  doing  the  work 
themselves,  and  this  is  doubtless  the  best  way,  provided  they  place  it 
in  the  hands  of  a  special  department,  as  has  been  done  by  the  Atchison, 
Topeka  &  Santa  Fe  Railway;  for  the  doing  of  good  work  requires 
expert  experience  as  well  as  faithfulness.  Some  of  the  unfavorable 
restilts  produced  have  been  the  result  of  ignorance,  of  not  knowing 
when  ties  were  best  fitted  for  treatment  and  the  idiosyncrasies  of  vari- 
ous woods,  but  the  w^eakest  point  hitherto  evolved  has  been  the  fact 
that  the  railroads  do  not  maintain  long  enough  the  keeping  of  records 
of  the  renewals  of  treated  ties  in  the  track  to  determine  the  true  value 
of    various    modes    of    treatment. 

Other  railroads  contemplate  building  plants,  and  incline  to  go  over 
to  straight  creosoting.  It  is  believed  that  some  of  them  are  figuring 
on  insufficient  doses  of  this  costly  antiseptic,  and  as  an  instance  of 
what  may  be  the  result  the  writer  hereto  appends  the  relation  of  the 
experience  of  the  Western  Railway  of  France,  which  has  been  just 
received. 
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TRANSLATION     NOTE    ON     CREOSOTING    OF    TIES. 

On  the  Western  Railway  (France)  the  creosoting  of  the  railway 
ties  has  been  carried  on  over  forty  years.  The  first  contract  for  creo- 
soted  ties  was  dated  September  lo,  1865.  From  that  date  until  1878 
the  beech  ties  were  injected  with  18  to  22  kilos  (39.6  to  48.4  lbs.),  and 
the  results  obtained  were  perfect;  in  1889  the  Western  Railway  Com- 
pany exhibited  some  creosoted  beech  ties  taken  up  from  the  tracks 
after  25  years'  service.  At  the  present  time  ties  of  the  same  kind,  dat- 
mg  back  to  1870  and  1871,  are  in  our  tracks  and  are  in  perfect  con- 
dition   (25    to    26   years). 

In  1878  it  was  thought  best,  from  motives  of  economy,  to  diminish 
the  quantity  of  creosote  injected,  and  until  1885  treatment  was  carried 
on  with  the   injection  of   12  to    15  kilos   per  tie    (26.4   to    33   lbs). 

The  results  of  this  decision  were  bad ;  at  the  end  of  3  years  decay 
began  in  ties  insufficiently  injected,  and  after  5  years'  service  a  con- 
siderable number  had  to  be  renewed.  In  consequence  injection  of 
feeble  doses  was  given  up,  and  although  the  contracts  called  for  15  kilos 
(33  lbs.)  the  injection  was  increased  to  17  or  18  kilos  (37.4  to  39.6  lbs.), 
the  surplus  creosote  being  paid  for   extra. 

To  ensure  more  perfect  treatment,  we  concluded  in  1897  to  further 
increase  the  injection,  and  in  1902  formal  instructions  were  issued  to 
inject  22   kilos    (48.4   lbs.)    as   a   minimum. 

We  may  now  say  that  all  the  ties  insufficiently  injected  from  1878 
to  1885  have  been  replaced  because  of  premature  decay  after  10  or  12 
years.  Since  1885,  on  the  other  hand,  results  have  again  been  good,  and 
we  are  certain  that  the  ties  delivered  since  1897  will  resist  the  action 
of   decay. 

To  sum  up,  when  the  injection  of  beech  ties  is  performed  by  the 
"vacuum  and  pressure"  process,  experience  has  taught  us  that,  to  obtain 
good  treatment,  we  must  inject  an  average  of  22  kilos  (48.4  lbs.)  of 
creosote  per  tie.  This  average  corresponds  to  the  dose  of  liquid  re- 
quired to  impregnate  the  wood  to  a  depth  sufficient  to  preserve  the 
whole  of  the  tie   against  decay. 

It  is  possible,  however,  that  this  last  result  may  be  attained  by 
other  processes  which  permit  the  retention  in  the  wood  of  a  smaller 
quantity  of  creosote  after  pushing  the  injection  to  refusal,  or,  say,  35 
to  40  kilos   (77  to  88  lbs.)   per  tie. 

(Signed)         The    Chief    Engineer    of    Maintenance    of    Way. 

Paris,   July   27th,    1906. 


C— SO.ME   NOTES    OX   TIE   PRESERVATION. 
By  A\'.  W.  CuKTis,  \'ice-Chaiiman  Committee  on  Ties. 

Some  interesting  data  concerning  treated  ties  has  recently  come 
into  the  hands  of  the  writer,  which  is  deemed  of  sufficient  value  to 
publish,  not  that  it  contains  anything  new  or  startling,  but  progress 
in  tie  preservation  seems  to  be  a  case  of  '"line  upon  line,  precept  upon 
precept." 

The  Tie  Committee  has  recommended  the  methods  of  handling  ties 
before  and  after  reaching  the  track,  proposed  in  the  accompanying 
paper.  The  report  in  question  demonstrates  the  necessity  for  such 
methods  in  service;  it  shows  certain  alleged  difficulties  with  treated  ties, 
being  the  result  of  an  examination  of  the  ties  in  the  track ;  and  the 
resulting  recommendations,  which  are  to  be  commended  to  all  users  of 
ties — treated    and    untreated. 

The  Chicago  &  Eastern  Illinois  Railroad  has  been  using  ties  treated 
by  the  zinc-tannin  process  since  1899.  Up  to  January  i,  1906,  one  and 
one-quarter  million  of  such  ties  have  been  used.  Up  to  the  same  date, 
during  the  seven  years,  6,087  treated  ties  have  been  removed  from 
track.  In  Bulletin  No.  78  the  details  of  these  figures  have  been  given, 
which  are  self-explanatory.  If  anyone  can  match  this  record  with  un- 
treated white  oak  ties,  it  would  be  of  interest  to  know  it.  If  the  ties  re- 
ported as  removed  on  account  of  "changing  track"  and  "tracks  taken  up" 
be  omitted,  leaving  in  those  reported  as  burnt  and  destroyed  by  wrecks, 
there  have  been  only  1,489  ties  removed  for  cause  out  of  all  those  laid 
in   track  during  the   seven   years. 

Attention  is  called  to  the  fact  that  this  railroad  does  not  run 
through  a  desert.  The  southern  end  reaches  the  Ohio  River,  where  it 
rains  to  the  amount  of  about  43  inches  each  year;  perhaps  a  fair  av- 
erage  for  the   entire   line   would   be   zi   inches. 

These  ties  were  treated  at  Mt.  Vernon,  111.,  and  the  record  of  the 
amount  of  solution  injected  and  its  strength  may  be  of  interest.  The 
heading  "gallons  of  sap  extracted"  is  hardly  accurate.  This  is  partly 
condensed   steam. 

We  are  indebted  to  Mr.  A.  O.  Cunningham,  Chief  Engineer  of 
the  Wabash  Railroad,  for  permission  to  reprint  the  report  of  the  inspec- 
tion of  ties ;  and  to  Mr.  W.  S.  Dawley,  formerly  Chief  Engineer  of  the 
Chicago   &   Eastern    Illinois,    for   the   report   on   ties    removed. 
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REPORT   OF   INSPECTION    OF  TRACK,   CONSISTING   OF   TREATED    RED    OAK,    WABASH 
RAILROAD.       INSPECTION    MADE   APRIL    10,    I905,    NEAR   CUSTER   PARK,    ILL. 

In  view  of  reports  recei\ed  from  time  to  time  of  excessive  checking  of 
red  oak  ties  treated  with  zinc-chloride,  after  they  had  been  placed  in 
track,  it  was  thought  advisable  to  make  a  careful  examination  of  some 
of  these  reported  checked  ties  to  determine  whether  the  checking  was 
due  to  the  treatment,  and  in  how  far  the  spiking  was  responsible  for 
the  splitting  of  ties.  The  reports  which  had  been  made  dwelt  chiefly 
upon  the  fact  that  treated  red  oak  ties  split  very  badly  when  a  spike 
was  driven  into  them,  and,  furthermore,  that  the  holding  power  of 
the  treated  red  oak  was  not  as  great  as  for  untreated  timber. 

In  determining  problems  of  this  character  it  is  well  to  keep  in 
mind  the  physical  qualities  of  the  wood  under  consideration.  The  red 
oak  is  a  porous  wood,  which  is  generally  full  of  water,  and  which, 
when  exposed  to  seasoning  influences,  has  a  tendency  to  dry  with 
great  rapidity  in  a  more  or  less  uneven  manner,  resulting  in  checks  and 
splits.  The  red  oak  has  this  in  common  with  many  other  inferior  woods 
like  beech,  gum,  etc.  In  view  of  the  fact  that  timbers  like  the  red  oak, 
gum,  etc.,  will  have  to  be  used  to  a  very  large  extent  for  the  future 
supply  of  railway  ties,  it  seems  very  desirable  to  become  cognizant 
with  the  nature  of  this  wood,  and  should  it  prove  that  it  checks 
excessively  before  or  after  treatment,  means  will  have  to  be  devised 
for  reducing  this  checking,  for  there  can  be  no  doubt  but  that  these 
timbers  will  have  to  be  used  in  some  form  or  other.  Any  inspection 
into  condition  of  service  which  timber  of  this  character  gives  should 
be  made  from  a  constructive  standpoint,  as  distinguished  from  a  de- 
structive standpoint.  In  other  words,  the  object  should  be  to  determine 
how  to  overcome  any  possible  defect,  rather  than  to  throw  out  the 
material  because  of  such  defect.  With  this  in  mind,  the  following  ob- 
servations  were   made : 

(l)      CHECKING. 

A  large  number  of  checked  red  oak  ties  were  found  in  the  track. 
These  checks  were  all  the  way  from  small  checks  to  such  as  extended 
from  the  end  into  the  tie  near  the  rail.  The  checks  were  largely  end 
checks,  which  were  obviously  due  to  the  nature  of  the  wood,  and  in 
the  majority  of  cases  were  in  such  position  that  the  spike  could  not 
be  held  responsible  for  the  formation  of  the  checks.'  There  was  fre- 
quent evidence  that  spikes  are  even  driven  into  incipient  checks,  the 
tendency  for  the  section  men  being  to  put  a  spike  into  the  check  so 
it  would  stand  up,  and  then  drive  it,  thereby  increasing  the  split.  Ex- 
amination, however,  made  it  evident  that  some  of  the  worst  checks  had 
no   relation   to   the   spike   position. 

In  many  of  the  ties  where  the  checks  extended  out  from  the   spikes, 
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these   were   driven    while   the   timbers    were    in   a    frozen    condition,    and 
tliis  would  easily  account  for  the  excessive  checking  in  those  cases. 

The  general  conclusion  to  be  drawn  from  the  inspection  was  that 
the  checks  in  the  red  oak  treated  with  zinc-chloride  bore  no  relation 
to  the  driving  of  spikes,  but  were  due  to  the  peculiar  nature  of  the 
red   oak. 

(2)       I'REVENTION     OF     NATURAL     CHECKING. 

The  natural  checking  of  timber  like  the  red  oak  is  a  serious  mat- 
ter. It  is  due,  first  of  all,  to  the  drying  of  green  timber  before 
treatment,  and,  second,  to  the  drying  out  of  timbers  after  being  treated 
with    a   water   soluble    salt. 

It  is  suggested  (a)  that  the  checking  be  prevented  by  the  adoption 
of  close  piling  both  before  and  after  treatment,  which  would  very 
materially  reduce  the  checking  tendency.  This  is  especially  true  of 
the  piling  of  treated  ties.  Treated  ties  should  under  no  circumstances 
be  laid  in  the  track  while  still  full  of  water.  They  should  be  stacked 
until  dry,  along  the  right-of-way,  in  the  form  of  a  close  pile,  so  that 
the  timber  may  season  slowly.  They  should  be  piled  at  least  four 
months. 

(b)  Position  of  the  tie  in  the  track.  Care  should  be  taken  when 
laying  timbers  in  the  track  that  all  ties  placed  should  be  laid  heart 
side  dozvn.  This  will  not  only  reduce  the  checking  tendency,  but  also 
increase  the  length  of  service  by  reducing  the  leaching  tendency  of  the 
salt. 

(c)  It  is  recognized  that  in  spite  of  all  care  and  attention  to 
seasoning  of  red  oak  and  similar  timbers,  before  and  after  treatment, 
that  these  timbers  will  check.  Woods  of  this  character  have  been  in 
use  on  European  railways  for  many  years,  and  the  chief  device  used 
for  preventing  this  checking  tendency  is  the  "S"  iron.  These  "S"  irons 
are  made  of  malleable  iron  of  various  sizes,  and  are  driven  into  the 
ends  of  ties  across  incipient  checks.  These  irons  are  usually  placed  in 
the  ties  before  treatment.  As  many  of  the  ties  are  purchased  in  a 
treated  condition,  this  may  not  always  be  practical,  and  such  irons 
should  then  be  placed  after  treatment,  or  immediately  after  the  ties 
are  received  by  the  railroad  company.  The  writer  regards  the  use  of 
these  "S"  irons  as  a  cheap  and  at  the  same  time  an  extremely  service- 
able device,  which  will  pay  many  times  over  in  the  way  of  increasing 
length  of  service  of  such  woods  as  the  red  oak.  It  is  therefore  recom- 
mended that  some  of  these  irons  be  made  at  once  and 
applied  wherever  ties  are  starting  to  check.  An  early  prevention  of  a 
i^-in.  check  will  make  possible  the  use  of  a  tie,  which,  without  such 
prevention,    would   continue   to   check   beyond   hope   of    saving    it. 

(d)  All  badly  spHt  ties  should  be  rigidly  rejected  to  start  with, 
and  under  no  condition  should   such   checked   ties   be   laid   in  the   track. 
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(3)       WEAR    AND    RAIL    CUT. 

It  was  noted  that  many  of  the  treated  red  oak  ties  had  cut  badly 
towards  the  outside  of  the  track  in  many  instances.  Many  of  the 
spikes  were  bent  at  angles  of  30  degrees  outward,  and  the  wood  on 
the  outside  was  correspondingly  broken  and  twisted ;  all  this  with  ties 
which  had  not  been  in  track  for  quite  a  year.  This  serious  condition 
of  affairs  is  regarded  as  due  to  factors  for  which  the  red  oak  timber 
cannot  be  considered  responsible.  The  traffic  which  is  going  over  this 
track  is  evidently  extremely  heavy,  and  the  lateral  working  of  the 
track  as  a  whole  is  uneven,  due  to  improper  ballasting.  Under  such 
circumstances,  it  is  not  strange  that  the  ties  are  cut  and  the  spikes 
bent.  With  a  thoroughly  ballasted  track,  such  a  condition  would  cer- 
tainly never  arise.  The  main  point  in  this  connection,  however,  is 
that  the  conditions  should  not  be  regarded  as  average  conditions,  and 
the  red  oak  must  not  be  held  responsible  for  the  excessive  rail  cut 
and  wear. 

(4)       DECAYED    TIES. 

A  considerable  number  of  badly  decayed  ties  were  noted.  The 
decay  was  of  a  kind  which  was  in  the  tie  before  treatment.  These 
ties  should  never  have  been  laid,  but  should  have  been  promptly  re- 
jected. It  makes  no  difference  whether  these  decayed  ties  were  received 
free  of  cost  from  the  contractors.  The  laying  of  such  ties,  which  serve 
only  a  very  short  period,  gives  false  impressions  as  to  the  value  of 
treatment,  because  when  renewal  records  are  made,  it  is  difficult  to 
distinguish  whether  a  tie  has  decayed  in  service  or  was  already  decayed 
before  being  placed.  A  decayed  tie  is  of  no  value  from  the  time  it  is 
laid  in  the  track,  and  the  labor  expended  in  placing  it  makes  it  a  very 
poor  investment.  A  stricter  inspection  is  recommended  at  the  time 
treated  ties  are  received. 

(5)       OLD     SPIKE     HOLES. 

It  was  noted  that  a  good  many  of  the  ties  in  the  track  had  been 
replaced,  leaving  the  old  spike  holes.  In  the  case  of  timbers  treated 
with  a  water  solution  salt,  great  care  should  be  taken  to  plug  all  old 
spike  holes.  These  form  one  of  the  most  fruitful  sources  for  the 
leaching   out    of   the    zinc-chloride    and    for    starting    premature    decay. 

(6)       POSITION     OF    TIE    IN    TRACK. 

Reference  has  already  been  made  both  to  the  fact  that  in  many 
cases  ties  are  laid  with  the  heart  side  up,  which  results  in  heart  and 
ring  check.  Wherever  split  ties  are  used,  care  should  be  taken  to  lay 
them  heart  side   down. 

(7)       DATING     NAILS. 

It  was  noted  that  a  great  many  dating  nails  were  not  driven  com- 
pletely down.     Instructions   should   be  given   that   all   dating   nails   should 
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be  driven  so  that  the  head  is  flush  with  the  top  of  the  tie,  as  only 
by  so  doing  can  these  nails  be  expected  to  last.  A  more  important 
feature,  however,  is  the  time'  of  driving  the  nail.  It  was  noted  that 
many  treated  red  oak  ties  had  nails  in  them,  which  indicated  that 
they  were  untreated  white  oak.  Mistakes  of  this  kind  can  only  arise 
when  the  nails  are  driven  into  the  ties  after  the  same  have  been  laid 
for  various  lengths  of  time.  In  view  of  the  fact  that  the  use  of  the 
dating  nails  is  one  of  the  most  important  factors  in  connection  with 
accurate  records,  too  much  stress  cannot  be  laid  upon  the  instructions 
that  all  nails  should  be  driven  the  same  day  that  the  tie  is  laid,  and 
under  no  circumstances  afterwards.  All  section  men  should  have  a 
sufficient  supply  on  their  handcars  to  be  ready   for  any  emergency. 

The  general  conclusion  to  be  drawn  from  the  examination  made 
is  that  there  was  no  evidence  of  excessive  checking  in  red  oak  due 
to  treatment;  that  the  checks  which  had  formed  can  largely  be  pre- 
vented by  close  piling  of  treated  ties  for  at  least  four  months  along 
the  right-of-way,  by  careful  laying  of  ties  with  the  heart  side  down, 
and   bv   the  use   of  "S"    irons. 


D— CAUSES    UNDERLYING    THE    LIMITED    PRODUCTION    OF 
CREOSOTE    IN   THE    UNITED    STATES. 

The  following  article  is  taken  from  "Forestry  and  Irrigation"  for 
October,  1906.  It  is  based  upon  information  furnished  by  the  U.  S. 
Forest  Service,  and  is  herewith  reprinted  by  permission  as  of  value  to  the 
members  of  the  American  Railway  Engineering  and  j\Iaintenance  of  Way 
Association : 

In  1903  the  United  States  produced  62,964,400  gallons  of  coal  tar,  with 
a  gross  value  of  $2,199,970 — or  a  value  per  gallon  of  $0.0349.  I"  1904  the 
production  was  increased  to  69,498,085  gallons.  The  gross  value,  however, 
declined  to  $2,114,421,  making  the  value  per  gallon  only  $0.0304. 
Of  this  coal  tar  produced  in  1904,  41,726,970  gallons  came  from  gas  works, 
and  27,771,115  gallons  from  coke  ovens.  About  one-half  of  the  gas 
works  product  is  distilled,  the  other  half  being  used  as  paving  materials 
and  for  other  local  purposes.  Practically  all  the  coal  tar  from  the 
"by-product"  coke  ovens  is  distilled ;  from  the  "bee-hive"  coke  ovens,  how- 
ever, little  or  no  coal  tar  is  collected.  The  creosote  distilled  from  all 
sources  in  the  United  States  in  1903  amounted  to  about  4,000,000  gallons. 
In  the  same  year  3,711,565  gallons  were  imported  from  Germany  and 
England.  In  1904  the  domestic  product  had  risen  to  4,863,400  gallons, 
while  the  amount  of  imported  oil  had  risen  only  to  3,783,472  gallons. 

Statistics  for  1905  and  for  the  present  year  are  not  available,  but 
it  is  certain  that,  although  the  production  has  considerably  increased, 
it  has  altogether  failed  to  keep  pace  with  the  demand,  which  on  account 
of  the  great  activity  now  existing  in  wood  preservation  in  this  country, 
has  made  enormous  advances.  The  restriction  of  the  American  pro- 
duction of  creosote  in  the  past  has  been  largely  due  to  the  economic 
conditions  which  have  resulted  in  an  extensive  rather  than  an  intensive 
operation  of  all  industries.  No  restriction  had  been  placed  on  the  private 
exploitation  of  natural  resources  far  beyond  the  present  needs ;  and  with 
the  development  of  effective  machinery  the  inevitable  result  has  been  a 
rapacious,  non-intensive  exploitation  accompanied  by  prodigious  waste. 
Just  as  greater  profits  have  been  secured  from  cutting  all  merchantable 
timber  in  one  operation  and  then  investing  the  proceeds  in  new  stump- 
age  rather  than  in  the  practice  of  conservative  forestry,  so,  unless  the 
creosote  were  sold  at  a  price  which,  in  consideration  of  the  cheapness  of 
untreated  timber,  the  consumer  could  not  afford  to  pay,  greater  returns 
have  been  obtained  by  making  investments  in  new  coke  ovens  rather 
than  in  plants  for  the  collection  and  distillation  of  the  tar.  The  uni- 
versal '  tendency  of  private  enterprise  always  to  seek  personal  and  im- 
mediate  profit   rather  than   the   ultimate   national   good,   or   even   greater 
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ultimate  personal  profit  at  the  sacritice  of  present  gain,  has  received  in  the 
last  half  century  a  worldwide  emphasis  by  the  unprecedented  commercial 
activity  of  the  period,  which,  in  the  United  States  has  been  particularly 
strong.  To  treat  a  railroad  lie  with  12  pounds  of  creosote  per  cubic 
foot  costs  about  45  cents,  if  the  creosote  can  be  obtained  for  about 
8  cents  per  gallon.  Even  although,  railroad  managers  themselves  may 
be  convinced  of  the  ultimate  economy  afforded  by  the  preservative 
treatment  of  the  ties,  the  stockholders  will,  under  present  conditions, 
rarely  permit  so  large  an  increase  in  the  current  expenses  of  mainte- 
nance. Notable  advances,  however,  are  being  made.  In  1905  approxi- 
mately 10  per  cent,  of  the  lies  laid  throughout  the  United  States  have 
received  preservative  treatment.  The  larger  portion  were  treated  with 
zinc  chloride  at  a  cost  of  about  16  cents  per  tie;  whereas,  if  creosote  had 
been  used,  a  reduction  in  the  annual  cost  of  the  treated  ties  could  doubt- 
less iiave  been  secured  in  most  situations.  The  conservative  distrust  of 
all  innovations  was  also,  in  this  case,  strengthened  by  the  fraudulent  treat- 
ments given  during  the  introductory  stages  of  the  industry,  either  by 
insufficient  penetration,  by  methods  injurious  to  the  timber,  or  by  the  use 
of  cheap  and  ineffective  adulterants.  The  large  demand  in  the  United 
States  for  soft  pitch  for  roofing  has  also  tended  to  retard  a  movement 
towards  the  oils  of  better  and  heavier  grades.  On  the  other  hand,  there 
is  no  considerable  market  in  America  for  hard  pitch,  whereas  the  large 
demand  in   Europe  permits  the  distillation  of  the  heavier   oils. 

The  cheapness  of  lumber,  and  the  ease  with  w^hich  it  could  be 
obtained  in  any  quantity,  have  also  tended  to  delay  the  introduction  of 
conservative  methods.  With  apparently  inexhaustible  forests,  and  a 
mechanical  perfection  in  their  exploitation  which  has  been  unequaled 
elsewhere  in  the  w-orld,  lumber  has  hitherto  been  too  plentiful  and  cheap 
to  necessitate  its  artificial  preservation.  The  same  causes  which  have 
brought  about  an  enormous  consumption  of  wood  in  America  have 
also  tended  to  discourage  wood  preservation  as  being  unnecessary  and 
impracticable.  This  tendency  has  been  emphasized  by  the  high  cost  of 
American  labor  as  compared  with  that  of  Europe.  These  conditions, 
however,  are  rapidly  changing.  The  lumber  prices  in  the  United  States 
have  advanced  in  the  last  ten  years  from  50  to  100  per  cent.,  and  the 
rate  of  increase  shows  no  present  signs  of  slackening.  The  supposedly 
inexhaustible  supply  has  dwindled  to  so  small  and  definite  a  quantity 
that  the  large  timber-using  industries  especially  are  becoming  concerned 
for  the  future.  Economic  conditions  also  are  rapidly  becoming  more 
stable,  and  for  almost  the  first  time  the  industrial  world  is  now  able 
to  consider  the  future.  There  is,  in  consequence,  a  marked  increase  In 
wood  preservation,  and  this  is  particularly  true  of  creosoting.  But  not- 
withstanding these  facts,  the  production  of  creo:-ote  has  so  far  failed  to 
keep  pace  with  the  growing  demand  that  contracts  have  already  been 
given  for  the  domestic  production  of  the  next  two  years;  and  it  is 
certain  that  the  amount  now  imported  considerably  exceeds  that  produced 
in  the  United  States. 
32 


E— THE  TIE  SITUATION  IN  FOREIGN  COUNTRIES. 

Mr.  E.  O.  Faulkner  (Manager  Tie  and  Timber  Department,  Santa 
Fe  Railway  System — by  letter)  : — In  the  early  part  of  1906  the  writer 
sent  copies  of  our  tie  statistics  to  all  foreign  members  of  the  American 
Railway  Engineering  and  Maintenance  of  Way  Association,  with  a  letter 
outlining  some  of  the  problems  now  before  us  in  this  country  in 
connection  with  tie  matters ;  and  asked  for  some  information  concerning 
similar  subjects  on  the  railway  or  in  the  country  of  which  the  member 
was  an  official  and  resident. 

Many  of  the  gentlemen  have  been  kind  enough  to  reply,  and  the 
information  furnished  seems  to  the  writer  so  interesting  and  instructive 
that  it  is  not  believed  the  writers  will  object  to  its  being  placed  before 
the  great  body  of  railroad  maintenance  men.  Some  of  the  life  service 
from  ties  is  especially  good,  notably  in  Australia,  where  eucalyptus  wood 
is  used ;  in  every  case,  however,  the  difference  between  the  axle-load 
of  the  foreign  engine  and  car  is  very  great  as  compared  to  that  of  ours; 
this  may  account  for  much  of  the  increased  life,  but  on  the  other  hand 
they  lay  many  less  ties  to  the  mile  than  we  do,  theirs  being  thinner 
but  wider.  Our  company  is  sending  to  Australia  for  a  number  of 
eucalyptus  ties  of  each  variety  that  will  grow  in  California  and  produce 
ties  within  a  reasonable  time,  and  when  received  will  place  them  under 
the  severest  conditions  of  power  and  climate  wc  have  on  the  System,  so 
as  to  learn  what  we  may  expect  and  how  far  we  would  be  justified  in 
using  them  as  compared  with  the  present  cost  and  life  of  domestic 
ties  while  waiting  for  our  own  to  grow. 


From  Mr.  J.  N.  Galbraith,  General  Manager  Tehuantepec  National  Rail- 
way Company,   Rincon  Antonio,   Mexico. 

I  regret  that  the  records  kept  of  ties  and  timber  by  the  Government 
and  various  contractors  who  had  charge  of  the  road  previous  to  the 
time  the  present  owners  took  hold  of  it  in  1900  are  such  as  to  afford 
very  little  data  of  any  value  on  the  subject. 

We  did  not  use  any  chemically  treated  ties  until  the  middle  of 
1904.  These  were  Texas  pine,  and  were  treated  with  12  lbs.  of  creosote 
at  one  of  the  creosoting  plants  on  the  Texas  coast.  So  far  they  have 
given  good  satisfaction,  but  the  time  of  their  use  has  been  so  short 
as  to   make  any  estimate  of  the   merit  of  the   treatment  of  little  value. 
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The;  other  tics  used  on  the  road  are  sawed,  untreated  Texas  pine,  and 
from  the  best  data  we  have  we  secure  from  four  to  six  years'  service 
from  these,  depending  on  the  quality  of  the  timber.  We  also  have 
quite  a  large  number  of  mahogany  and  other  native  timber  grown  on 
the  Isthmus,  and  have  fairly  reliable  data  that  some  of  the  mahogany 
ties  have  been  in  the  track  between  twelve  and  fourteen  years,  and  the 
removal  of  them  so  far  seems  to 'be  caused  by  mechanical  action  by 
their  being  respiked  several  times,  and  the  holes  getting  so  large  as  not 
to  be  able  to  longer  hold  the  spikes.  Other  native  woods  of  some 
fourteen  or  fifteen  other  varieties,  from  the  best  information  we  can 
gather,  last  from  two  to  eight  years.  We  find,  however,  that  we  secure 
the  best  results,  in  the  matter  of  ties  and  building  lumber,  from  the 
California  redw-ood,  as  there  are  redwood  ties  in  the  track  now  that 
have  been  there  for  fourteen  years,  with  a  very  small  percentage  of  them 
decayed.  We  use  tie-plates  on  all  ties,  but  these  have  been  put  on 
during  the  past  three  or  four  years.  The  redwood  ties  that  we  have 
been  forced  to  remove  have  been  principally  on  account  of  the  rail 
cutting  into  them,  and  decay  caused  by  derailed  cars  destroying  the 
fiber  of  the  wood  and  causing  rot  to  set  in,  but  there  has  been  a  very 
small  percentage  of  these.  The  ones  we  have  taken  up  on  account  of 
being  spike-killed  after  having  been  in  the  track  on  our  dry  section 
(similar  to  Southwest  Texas)  show  very  little  signs  of  deca}^  on  the 
bottom,  and  the  redwood  ties  in  the  wet  district  promise  to  last  quite 
as  long  as  those  in  the  dry  district,  although  we  have  not  had  sufficient 
of  them  in  this  district  long  enough  to  say  this  definitely.  The  principal 
objectiorv  we  have  to  the  redwood  ties  is  that  it  is  difficult  to  keep 
the  track  in  gage  on  the  sharp  curves,  even  with  tie-plates.  On  tangents, 
however,  they  give  no  trouble  in  this  respect,  and  from  our  experience 
with  them  are  unquestionably  the  best  and  most  economical  timber  w^e 
use. 

The  same  may  be  said  of  the  redwood  used  for  buildings  and  cars, 
Texas  longleaf  pine  rotting  out  in  from  three  to  five  years,  while  the 
redwood  siding  on  our  cars  and  buildings  shows  no  signs  of  decay 
after  four  or  five  years'  use.  In  the  flooring  of  poorly  ventilated 
buildings  in  our  wet  district  here  the  Texas  pine  flooring  will  rot  out 
in  from  eighteen  to  twenty-four  months,  while  the  redwood  does  not 
seem  to  be  affected  in  the  way  of  decay  by  the  dampness. 

GUATEMALA. 

From   Mr.   D.   B.   Hodgsdon,  General   Manager  Guatemala   Central   Rail- 
road,  Guatemala,   Central  America. 

Our  practice  here,  ever  since  this  road  was  constructed,  or  since 
the  year  1880,  has  been  to  use  a  tie  cut  from  California  redwood.  Under 
ordinary  conditions  this  was  found  to  be  a  most  satisfactory  tie  wood 
for  this  section,   which  is   divided   into   a  -wet   and   dry   season  of  equal 
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proportions.  The  life  of  this  tie  was  formcrl}'  an  average  of  eight 
years;  at  that  time,  however,  a  much  better  piece  of  timber  was  secured 
for  ties  than  it  is  possible  to  obtain  to-day,  when  the  active  demand 
for  merchantable  redwood  leaves  available  for  ties  only  the  tops  of  the 
trees  and  branches.  The  result  is,  with  heavier  trafific  and  this  inferior 
wood  that  the  life  of  the  tie  is  decreased  notably,  chiefly  due  to 
mechanical  wear;  but  few  ties,  in  consequence,  reaching  a  condition  of 
unserviceableness  through  decay.  We  use  no  tie-plates.  Our  locomotives 
are  4-6-0  type;  weight  of  engine  and  tender  in  working  order,  65  tons. 
Maximum  freight  loads  40,000  lbs.,  with  an  average  weight  of  car  of 
17,000  lbs. 

We  have  employed  in  some  sections  a  native  hardwood  tie  which 
I  would  hardly  know  how  to  describe  in  comparison  with  anything  in 
the  United  States— in  fact,  I  doubt  if  there  is  anything  similar  to  it 
there.  These  have  given  excellent  results  on  curves,  where  they  have 
been  generally  employed.  As  they  are  obtainable  in  small  quantities 
only,  we  have  been  seeking  a  substitute  for  the  redwood  tie,  and  I  have 
recently  brought  out  a  lot  of  Oregon  pine  creosoted  ties ;  and  another 
lot  of  Oregon  pine  treated  with  the  Carbolineum  process.  These  have 
been  under  track  but  a  short  time,  and  not  long  enough  to  determine 
their  relative  qualities  as  compared  with  the  redwood ;  although  in 
degree  of  hardness  of  the  wood,  and  resistance  to  weight  of  trains  and 
traffic,  I  believe  them  to  be  superior.  I  might  also  add  for  your 
information  that  I  am  now  corresponding  with  parties  in  Australia 
relative  to  a  tie  cut  from  a  timber  called  Jarrah  (eucalyptus),  some 
of  which  have  been  used  on  the  Interoceanic  road,  in  Mexico,  and  are 
stated  to  have  given  excellent  results. 

ARGENTINE. 

From  Mr.   G.   F.  T.   Dominico,   General   Inspector   of   Railroads,    Buenos 
Ayres,  Argentine  Republic. 

We  use  no  other  timber  for  ties  than  the  splendid  "Ironwood," 
which  w^e  call  "Quebracho  Colorado"  (of  the  Anacardiacese  order).  It 
is  much  heavier  than  water  (specific  gravity  1.30  to  1.60)  and  hard  to 
work.  This  king  of  ties  practically  lasts  forever;  there  is  not  a  case 
known  where  sound  quebracho  without  sap  has  rotted — on  the  contrary, 
it  gets  harder  with  time.  Quebracho  Colorado  has  30  per  cent,  more 
elasticity  than  oak  and  pine,  three  times  more  resistance  against  com- 
pression, 20  per  cent,  more  against  pulling  strains  and  twice  as  much 
more  deflective  resistance  than  oak.  Some  splendid  pieces  of  quebracho 
ties  were  sent  by  me  to  the  St.  Louis  Exposition,  for  which  I  got  the 
gold  medal.  They  consisted  of  a  tie  cut  in  two  pieces  and  some  other 
cross-sections  of  ties  which  had  then  been  25  years  in  actual  service  in 
the  track,  and  were  still  absolutely  sound,  bearing  the  original  rail  which 
was  worn  out,  not  having  been  changed  in  25  years.     We  have  examples 
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of  this  and  other  hardwoods  in  mole  and  pier  work,  which,  after  more 
than  50  years'  service  show  no  sign  of  change  in  the  tide-level  parts. 
This  is  in  fresh  water;  in  salt  or  sea  water  they  would  resist  the  same 
were  it  not  for  the  teredo. 

We  use  three  types  of  ties — 9  ft.  by  10  in.  by  5  in.  for  the  broad 
gage  (5  ft.  6  in.),  8>^  ft.  by  10  in.  x  5  in.  for  the  middle  (4  ft.  S'A  in.) 
gage,  and  6  ft.  by  10  in.  by  5  in.  for  the  narrow  (3  ft.  3  in.)  gage; 
these  weigh  100  kgs.,  85  kgs.  and  70  kgs.,  respectively  (i  kg.  =  2.2  lbs.), 
and  make  a  very  solid  road,  using  12  to  15  ties  for  a  lo-metre  (33  ft. 
4  in.)  rail.  In  case  of  derailment  the  ties  are  seldom  damaged.  They 
are  hewn  from  single  trees  of  10  in.  to  12  in.  diameter  or  sawn  from 
big  ones  of  2  to  3  ft.  circumference  and  50  ft.  high,  but  with  preference 
to  the  single  trees,  as  the  big  ones  are  shipped  in  logs  to  Europe  or 
the  United  States  for  tanning  purposes.  Last  year  over  400,000  tons 
of  this  timber  were  shipped  abroad ;  this  is  causing  a  sharp  increase  in 
the  price  of  ties,  which  last  year  were  in  American  money  $1.15  for  the 
large  tie,  85  cents  for  the  middle,  one  and  55  cents  for  the  smaller  one, 
and  this  \-ear  are  from  60  to  80  per  cent,  higher,  so  that  if  this  increases 
much  more  we  will  have  to  use  some  other  and  inferior  timbers. 

The  Quebracho  Colorado  grows  on  vast  plains  in  temperate  (40 
degrees  to  60  degrees  F.)  climates,  and  can  be  worked  almost  as  easily 
as  oak.  These  plains  reach  from  Santa  Fe  and  Santiago  del  Estero 
provinces  to  the  frontiers  of  Bolivia  and  Paraguay,  and  are  covered  with 
enormous  and  almost  virgin  forests  of  all  classes  of  hardwoods.  In 
recent  years  railroads  have  been  built  for  the  chief  purpose  of  trans- 
porting these  timbers,  as  streams  and  rivers  cannot  be  used,  because 
these  timbers   do  not  float. 

On  account  of  the  hardness  of  our  timber  we  use  no  tie-plates.  Up 
to  recently  we  have  used  cut  spikes,  but  had  to  bore  holes  for  them,  and 
once  the  spike  was  driven  in  it  was  impossible  to  draw  it  for  any 
purpose,  consequently  it  had  to  be  broken  off  and  a  new  hole  bored 
for  another.  We  now  use  screw  spikes,  so  that  the  old  difficulty  is 
overcome.  Dowels  are  not  used  here,  as  we  have  no  iroublc  from 
decay  and  our  timber  is  very  hard.  It  may  be  that  as  quebracho  gets 
scarcer  and  dearer  we  will  have  to  use  softwood  with  hardwood  dowels, 
but  even  then  wo  would  have  good  ties,  as  we  have  several  other  kinds 
of  timber  with  nearly  twice  the  compression  strength,  and  lasting  prob- 
ably twice  as  long  from  decay  as  your  oak  and  pine. 

We  use  no  concrete  sleepers,  but  have  some  concrete  piles  in  our 
harbor  works.  Steel  sleepers  have  been  used  on  some  lines  w-ith  good 
results  (15  to  20  years'  service)  in  locations  where  there  was  no  salt 
or  saltpeter  in  the  soil ;  where  there  is,  they  have  not  lasted  more  than 
six  years.  Steel  sleepers  are  only  used  on  the  seacoast  where  they  are 
cheaper  than  the  hardwood  ones  which  have  to  come  by  rail. 
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From  Mr.  S.  Sugiura,  Superintendent  of  Maintenance  Way,  Nippon  Rail- 
way, Tokio,  Japan. 

The  gage  of  our  railway  is  3  ft.  6  in.,  and  the  size  of  cross-ties 
7  ft.  by  9  in.  by  4^  in.,  different  sizes  being  used  for  bridge  and  switch 
ties.  In  tangents  we  lay  13  to  the  30  ft.  rail  and  in  curves  14  to  16, 
according  to  the  degree  of  sharpness.  The  kind  of  wood  now  universally 
used  in  Japan  is  "kuri,"  very  similar  to  your  chestnut.  The  cost  depends 
altogether  upon  the  localities;  our  company's  lines  are  situated  in 
districts  very  favorable  for  tie  supplies,  consequently  we  get  them  cheap, 
the  cost  being  from  45  to  55  sen  each  (a  sen  is  nearly  one-half  value  of 
your  cent).  The  average  life  of  chestnut  is  about  7  to  9  years.  No 
record  of  cause  of  removal  has  been  taken,  so  we  are  unable  to  tell  the 
percentage  of  mechanical  wear  and  natural  decay  of  removed  ties.  The 
fastening  to  the  rail  is  the  dog  spike,  American  and  English  type.  In 
Japan  the  use  of  treated  ties  is  not  yet  general,  but  four  years  ago  our 
company  started  creosoting  bridge  and  switch  ties,  the  kind  of  wood 
used  being  Japanese  pine,  which  is  not  so  hard  as  "kuri,"  and  the  life 
service  in  thei  track  only  4  or  5  years  without  treatment.  The  life 
of  our  treated  ties  is  not  yet  determined  on  account  of  our  short  experi- 
ence. The  "kuri"  is  already  becoming  scarce  and  we  are  using  "hiba" 
in  its  stead,  the  cost  being  60  sen ;  its  life  is  longer  than  "kuri,"  as  it 
is  durable  10  to  12  years  in  ordinary  track,  but  it  is  not  so  hard  as 
the  other,  consequently  its  mechanical  life  is  shorter. 

The  maximum  axle  load  of  our  engines  is  14  English  tons.  In 
the  mountain  sections  where  ruling  grade  is  i  in  40  we  use  the  2-8-2, 
2-6-2,  and  0-6-0  type  of  engines  for  freight  service,  the  maximum  axle 
load  being  14  English  tons.  In  some  sections  where  coal  trains  are  run 
we  use  2-8-2  type  engines,  the  maximum  axle  load  being  12  English 
tons.  Our  freight  equipment  will  average  7  English  tons  with  5  tons 
weight  of  car  additional,  all  being  4-wheel  wagons. 

From    Mr.    Takuichi    Ohmra,    Chief    Engineer,    Hokkaido    Coal    Mine    & 
Railway  Company,   Iwanizawa,  Japan. 

The  treatment  of  tie  timber  in  Japan  was  only  recently  started,  so 
that  we  have  not  as  yet  reached  any  conclusion  in  reference  to  it.  The 
gage  of  our  railway  is  3  ft.  6  in.,  using  a  rail  weighing  60  lbs.  per  yard, 
although  we  have  some  as  high  as  70  lbs.  and  a  little  as  low  as  45  lbs. ; 
it  is  fastened  to  the  tie  by  cut  spikes,  generally  of  the  American  type. 
Our  ties  are  7  ft.  by  9  in.  by  5  in.,  of  chestnut,  oak,  spruce,  elm,  and 
"yatitamo,"  for  which  there  is  no  English  name,  but  the  wood  has  a 
grain  something  similar  to  elm.  The  maximum  life  of  these  ties  un- 
treated is  eight  years,  and  the  average  life  five  years,  the  removal 
being  in   nearly   every   case   due   to    natural   decay.      The   maximum    axle 


•     TIES.  503 

load  of  locomotives  is  14  tons,  freight  cars  are  generally  7  tons  and 
ID  tons  capacity,  with  tares  of  3  tons  and  4  tons,  respectively;  they 
are  mostly  four-wheel  cars,  but  we  have  a  few  with  bogie  trucks.  The 
climate  of  Japan  is  something  like  that  of  Texas. 


From    Mr.    Theo.    Schidlovsky,    Chief    Engineer    Orenburg    Tascho-Kent 
Railway,  Orenburg,  Russia. 

The  construction  of  this  railway  has  only  recently  been  completed, 
as  it  has  not  yet  been  operated  a  full  year ;  the  ties  inserted  during 
construction  were  untreated  pine,  but  next  year  we  expect  to  begin 
using  treated  ones.  So  far  as  I  am  informed  no  reinforced  concrete  or 
steel  ties  have  been  used  on  any  Russian  railway  even  for  testing 
purposes,  as  the  timber  question  is  not  to  us  a  serious  one  and  our 
foi;ests  are  amply  able  to  supply  our  wants. 


From  Mr.  E.  W.  Stoney,  late  Chief  Engineer,  Madras  Railway,  Madras, 

India. 

On  the  Madras  Railway  timber  ties  are  used  as  little  as  possible, 
chiefly  in  station  yards  for  points  and  crossings  and  on  girder  bridges. 
Until  lately  teak,  untreated,  was  used  for  these  purposes,  and  (I  write 
from  memory,  not  having  any  papers  to  refer  to  now)  their  life  was 
from  20  to  24  years,  but  teak  has  now  become  so  expensive  that  its  use 
is  confined  to  girder  bridge  ties.  Untreated  indigenous  timbers  have 
also  been  used,  but  their  life  is  very  short — 5  to  7  years;  now  Aus- 
tralian Jarrah  (eucalyptus)  ties  are  being  largely  used  in  Indian  rail- 
ways, and  these,  when  of  good  quality,  have  so  far  proved  very  satis- 
factory. The  Madras  Railway  was  at  first  laid  with  creosoted  pine 
ties  sent  from  England,  but  their  use  was  given  up  some  40  years 
ago.  They  were  replaced  by  cast-iron  pot  sleepers  of  the  Graves  type 
connected  by  wrought  iron  tie  rods ;  there  are  about  900  miles  of  5  ft. 
6  in.  gage  road  laid  with  these  sleepers,  originally  six  to  a  20-ft.  75-lb. 
double-headed  rail  spaced  3  ft.  6  in.  and  i  ft.  6  in.  at  joints ;  at  first, 
65-lb.  iron  rails,  double-headed,  were  used ;  then  7S-lb.,  and  now  80-lb. 
bull-headed  steel  rails  are  in  use.  On  the  Madras  Railway  these  pot  sleep- 
ers have  been  most  satisfactory,  the  renewals  being  only  some  3  miles  per 
year  in  a  total  of  900  miles  laid  with  them.  It  is  essential,  however, 
that  good,  clean,  coarse  sand  ballast,  or  small  stone  broken  to  say 
V^-in.  gage,  be  used  for  padding  them.  These  sleepers  do  not  answer 
well  in  soft  banks,  as  they  sink  into  the  soil  for  some  time,  their 
bearing  area  (18  in.  diameter)  being  small.  On  the  lines  northeast 
from  Madras  the  timber  and  steel  trough  ties  are  being  renewed  with 
Murray's  pattern  cast-iron  sleepers,  on  which  75-lb.  steel  rails,  very  much 
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like  the  American  standard  section,  are  laid.  Various  types  of  steel 
trough  sleepers  have  been  tried  in  this  section,  but  they  are  not  sat- 
isfactory, as  if  used  with  saline  ballast  or  in  saline  soils,  they  rust 
away  quickly,  and  have  no  scrap  value ;  if  ballasted  with  good,  clean 
sand  or  stone,  broken  small,  these  steel  sleepers  do  fairly  well ;  ferro- 
concrete sleepers  have  not,  as  far  as  I  know,  been  yet  tried  in  India. 
The  cast-iron  pot  sleeper  makes  a  very  firm,  thoroughly  well-tied  to 
gage  road,  and  the  scrap  value  of  the  pots  which  have  to  be  renewed, 
nearly  always  due  to  being  cracked  or  broken,  is  high,  as  they  are 
sent  to  the  locomotive  works  and  recast.  The  lieaviest  engines  on 
the  Madras  Railway  have  only  15  tons  an  a.xlc,  that  is,  7^  tons  a 
wheel. 

NEW     ZE.\LAND. 

From    Mr.    James    Burnett,    Inspecting   Engineer,    Government    Railways, 

Wellington,    New    Zealand. 

t 

On  the  New  Zealand  Government  Railways  about  2,400  miles  3  ft. 
6  in.  gage,  with  rails  varying  from  30  lbs.  to  70  lbs,  per  yard  (the 
latter  being  the  new  standard  for  main  lines)  we  use  from  2,000  (on 
the  old  light  lines)  to  2,500  sleepers  (on  the  main  lines  and  all  new 
work)  per  mile,  the  dimensions  being  7  ft.  by  8  in.  by  5  in.  On  tangents 
the  rails  are  fastened  entirely  by  square  spikes ;  on  curves,  bed-plates 
and  fang-bolts  are  used  in  numbers  varying  with  the  sharpness  of 
the  curve.  Screw  spikes  are  now  being  experimented  with,  and  will 
possibly  to  a  large  extent  displace  the  bed-plates  and  fang-bolts.  Maxi-, 
mum  axle  load,  ii  tons,  say,  25,000  lbs.,  but  most  of  our  engines  arc 
lighter,   say,  9-ton  axle  loads;   types   4-6-2,   2-6-2,   and   4-8. 

The  sleepers  used  have  been  mainly  New  Zealand  timbers : 

Podocarpus   Totara. 
Vitex   Littorales. 
Dacrydium  Weslandicum. 
Agathis    Australia. 
Fagus   Fusca. 
Fagus   Solandri. 
Dacrydium  Cupressimum. 
Podocarpus  Dacrydiodcs. 
Podocarpus   Spicata. 

Of  these  the  first  three  are  durable  and  may  l:c  counted  on  to  last 
15  to  20  years  as   sleepers. 

The  others  have  a  life  of' only  from  5  to  10  years,  untreated,  and 
of  late  years  their  use  has  been  abandoned,  except  that  Nos.  6  and  7, 
rimu  and  kahikatea,  are  now  being  creosoted  in  considerable  numbers 
(50,000  to  100,000  per  annum),  by  Boulton's  process,  with  the  result 
that  their   life  is   increased   to   certainly   over   20  years. 

Of  a   lot   of   some   200,000   treated    16  years    ago   40   per    cent,    have 
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now  been  renewed,  and  their  calculated  life  on  this  basis  works  out 
to  24  years. 

Australian  hardwoods,  all  of  them  eucalyptus,  viz.;  jarrah-mar- 
ginata,  ironbark-paniculata,  etc.,  gray  gum-prcpinqua,  and  several  others 
have  been  used  to  some  extent,  being  strong,  tough  and  extremely 
durable.  Their  life  is  probably  anything  from  25  to  30  years  or  even 
more,  and  they  are  used  mainly  on  bridges  and  sharp  curves,  for  which 
they  are  suitable. 

The  soft  woods  among  our  sleepers  fail  to  some  extent  by  mechan- 
ical wear,  but  the  great  bulk  of  renewals  are  through  natural  decay. 
The  use  of  tie-plates  on  the  soft  creosoted  sleepers  is  being  considered. 

Nothing  has  been  done  in  the  direction  of  experimenting  with  rein- 
forced concrete  or  steel  sleepers,  and  owing  to  their  excessive  cost,  we 
are  hardly  likely  to  consider  their  use   for  many  years. 

From   Air.  James   Marchbanks.   Engineer,   Wellington   &   iNIanawatu    Rail- 
way,   Wellington,    N.    Z. 

The  writer  does  not  use  creosoted  or  Burnettized  sleepers,  but  over 
20  years  ago,  when  in  the  government  service,  put  in  a  good  many 
miles  of  creosoted  red  pine  or  rimu  (dacrydium  cupressimum)  and  white 
pine  (podocarpus  dacrydiodes).  The  red  pine  did  not  stand  well,  as 
it  is  a  close-grained  wood,  and  the  creosote  did  not  penetrate  deeply. 
The  white  pine,  which  is  a  soft,  open-grained  wood,  stood  well  and 
gave  an  average  life  of  nearly  20  years.  This  appears  to  be  a  some- 
what longer  life  than  you  are  getting.  The  New  Zealand  Government 
Railways  are  now  using  creosoted  white  pine  sleepers  pretty  largely ; 
they  arc  7  ft.  8  in.  by  5  in.,  and  are  creosoted  after  partially  seasoning 
in  stacks.  The  Chief  Engineer  informs  me  that  they  stand  very  well, 
but  are  soft  and  not  good  on  sharp  curves.  The  cost  of  these  creosoted 
white  pine  sleepers  runs  about  4/-  each,  and  as  we  can  purchase  first- 
class  Australian  eucalyptus  sleepers  at  that  price,  which  are  in  every 
way  more  suitable  for  the  purpose,  there  is  no  object  in  our  using 
them.  The  reason  the  Government  Railways  use  some  of  the  creosoted 
soft-wood  sleepers  is  to  utilize  the  local  timber  and  obviate  the  necessity 
of  sending  out  of  the  colony  for  sleepers,  though  they  use  other  local 
timbers  not  creosoted  very  largely,  the  principal  timber  of  this  class 
used  is  totara  (podocarpus  totara).  This  is  a  fine,  clean-grained  timber, 
closer  than  cedar  and  resembling  pencil  cedar;  it  stands  well  in  wet 
ground,  and  we  have  sleepers  now  in  the  track  with  20  years'  service, 
though  you  may  take  it  that  the  average  life  is  about  20  years.  These 
sleepers  fail  principally  through  mechanical  wear;  the  spikes  do  not 
hold,  and  they  crack,  rot  starts  at  the  bottom  at  ends  and  gradually 
destroys  them. 

We  use  now  for  sleeper  renewals  the  hardwoods  from  New  South 
Wales,    principally   ironbark,   gray   gum    and    tallowwood,    which    are    all 
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eucalyptus.  The  sleepers  are  hewn  7  ft.  by  8  in.  by  5  in.  and  cost  us 
about  four  shillings  sterling  each.  We  cannot  speak  too  highly  of  these 
New  South  Wales  hardwoods  for  use  as  sleepers  and  for  bridge  work. 
The  timber  resists  decay  well,  is  heavy,  strong,  and  holds  the  spikes 
without  trouble.  We  use  on  straight  road  ordinary  9-16-in.  square 
spikes,  and  on  curves,  bed-plates  or  sole-plates  at  ends  of  rail,  middles 
and  quarters,  with  two  fang-bolts  through  the  bed-plate  bearing  on 
flange  of  rail.  Fang-bolts  hold  well,  but  are  expensive,  and  we  are 
trying  just  now  some  screwed  galvanized  spikes,  which  appear  to  answer 
very  well.  Our  rails  are  light,  65-lbs.  to  the  yard  and  40  ft.  long,  being 
now  standard ;  originally  53-lb.  rails  were  laid,  and  a  large  number  are 
still  in  the  track  after  18  years'  service.  Our  loads  are  light,  compared 
with  standard  American  practice,  viz.,  22,400  lbs.  maximum  on  2-8-2 
tender  engines,  and  2-8-4  tanks,  and  maximum  freight  wagons  45,000 
lbs.  total  on  two  four-wheeled  trucks. 

C0MM0NWE.\LTH     OF    AUSTRALIA^     STATE    OF    VICTORIA. 

From    Mr.    Thos.    Tait,    Chairman    Board    of    Commissioners,    Victorian 
Railways,  Melbourne. 

The   sleepers    in    use    in   this    State    consist    of   hardwood,    which    is 
locally  grown  and  is  of  the  eucalyptus   variety,   as   shown   hereunder : 

Red  gum  Eucalyptus  rostrata. 

Red  ironbark  Eucalyptus  leucoxylon. 

Grey  box  Eucalyptus   hemiphloia. 

There  are  three  different  sizes  of  sleepers  used,  viz. : — 

For   important   lines    (S  ft.  3  in.  gage)  .  .  ■  • 9  ft.  o  in.  by  10  in.  by  5  in. 

For   unimportant   lines    (5  ft.  3  in.  gage) 9  ft.  o  in.  by    9  in.  by  4^^  in. 

For   unimportant   lines    (2  ft.  6  in.  gage) 5  ft.  6  in.  by    8  in.  by  4  in. 

and  their  average  life  is  about  25  years,  but  artificial  means  are  never 
used  to  preserve  the  timber.  The  principal  cause  for  the  replacement 
of  sleepers  on  our  lines  is  natural  decay,  but,  of  course,  on  the  lines 
suburban  to  Melbourne,  and  on  one  or  two  of  our  main  lines,  on 
which  the  traffic  is  very  heavy,  the  chief  contributing  factor  is  mechan- 
ical wear.  The  fastening  between  the  rail  and  the  sleeper  is  a  cut 
spike,   locally   known    as   a    "dog   spike." 

Regarding   the    axle    load    of   locomotives,    the    maximum    axle    load 
of  our  engines   is  as   follows : 

Passenger   engines .36,960  lbs. 

Goods  engines 34)720  lbs. 

Our  goods  trucks  arc  of  10,   12  and   15  tons'  carrying  capacity,  with 
a  few  special  trucks  of  greater  carrying  capacity. 


^  TIES.  507 

WESTERN    AUSTRALIA. 

From    Mr.    Thos.    Watson,    Resident    Engineer,    Government    Railways, 

Coolgardie. 

We  have  1,540  miles  of  railway,  mostly  single  road ;  heaviest  engine 
and  tender,  81  tons ;  on  8  coupled  wheels,  43  tons.  Our  ties  are  not 
treated  in  any  way  nor  specially  seasoned ;  they  are  hauled  straight 
from  the  bush  and  put  into  track ;  no  tie-plates  are  used,  nor,  in  my 
opinion,  are  they  necessary,  so  good  is  our  timber ;  on  the  whole,  the 
rail  seats  stand  wear  and  tear  splendidly,  but  both  our  engines  and 
speeds  are  easy  compared  with  really  busy  roads.  The  writer  has  just 
finished  a  close  inspection  of  a  piece  of  road  built  in  1893,  rails  45  lbs. 
per  yard,  ties  were  of  sawn  jarrah  (eucalyptus)  7  ft.  by  8  in.  by  4  in. 
laid  1,980  per  mile.  After  13  years'  service  only  5  per  cent,  had  to  be 
replaced,  or   104  ties  per  mile. 


DISCUSSION. 

The  President : — In  the  absence  of  the  chairman  cf  the  Tie  Com- 
mittee, Mr.  E.  B.  Gushing,  the  vice-chairman,  Mr.  W.  W.  Curtis,  will 
present  the   report. 

Mr.  W.  W.  Curtis  (Consulting  Engineer)  : — The  Board  of  Direction 
loaded  down  the  Tie  Committee  with  quite  a  heavy  burden  during  the  past 
year.  Besides  the  various  points  mentioned  in  the  report,  two  or  three 
other  subjects  were  assigned  the  Committee,  the  scope  of  the  instructions 
being  very  broad.  The  Committee  has  endeavored  to  work  along  the 
lines  of  the  instructions,  but  have  not  thought  it  advisable  to  bring  in 
everything  that  has  been  done.  Tlierefore  a  part  af  the  report  is  in 
the  nature  of  a  progress  report,  and  a  portion  of  the  work  has  been  laid 
over  until  it  can  be  put  into  better  shape  for  presentation  to  the  Associa- 
tion. The  recommendations  for  the  treatment  of  ties  are  not  complete. 
The  Committee  has  been  asked  why  it  did  not  make  specifications  for 
one  or  two  other  treatments;  to  this  might  be  replied  that  in  one  instance 
the  treatment  used  has  been  tried  for  only  a  very  short  period  and  by 
one  railroad  only.  Next  year  there  will  probably  be  three  or  four 
plants  using  this  treatment,  and  it  seemed  to  the  Committee  best  to  defer 
the  presentation  of  a  specification  until  more  information  and  experience 
was  obtainable  regarding  it. 

The  proposed  methofl  of  analysis  of  creosote  oils  was  on  request  of 
the  Committee  referred  back  last  year,  and  has  been  given  further  con- 
sideration. There  has  been  some  question  about  one  or  two  minor  points, 
and  at  its  last  meeting  the  Committee  voted  that  inasmuch  as  it  was  not 
in  position  to  speak  from  personal  and  actual  knowledge  regarding  these 
points,  it  would  be  preferable  to  withhold  any  recommendation  as  to  the 
standard  method  of  analysis  of  creosote  oils  until  next  year,  and  in  the 
meantime  endeavor  to  clear  up  the  disputed  points  and  then  submit 
recommendations  which  can  be  supported  more  intelligently  than  is 
possible  at  the  present  time. 

The  Committee  was  also  instructed  to  present  a  report  on  the  design 
and  use  of  concrete  and  steel  ties.  Quite  an  extensive  report  has  been 
made  on  the  subject  of  concrete  ties,  merely  intended  as  a  progress 
report,  and  which  it  is  expected  to  supplement  largely  next  year.  The 
Committee  requests  that  any  information  members  of  the  Association 
may  have  regarding  concrete  ties  be  sent  to  the  Secretary  of  the  Associa- 
tion for  the  use  of  the  Committee.  The  idea  in  presenting  what  we  have 
this  year  was  to  make  a  beginning,  and  if  any  misstatements  of  facts  have 
been  made,  we  are  anxious  to  know  of  it.     No  report  on  the  metal  tie 
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luis  been  made,  fur  the  reason  that  llie  intoi-inatior.  \vc  had  was  hardly 
sufficient  to  warrant  in  bringing  it  np.  The  Committee  desires  informa- 
tion on  this  subject  also  for  its  future  work. 

In  the  conclusions,  the  Committee  lias  made  two  reconmiendations, 
which  are  now  before  the  convention  for  action.  The  conclusions  are 
given  on  page  98  of  the  report.  The  neport  contains  a  great  deal  of  infor- 
mation regarding  concrete  ties,  treatment  of  tie  timber,  etc.,  and  the 
Committee    requests    that    all    these    matters    be    given    full    discussion. 

The  President: — The  first  item  in  order  will  be  discussion  on  con- 
clusion No.  I,  reading  as  follows :  "Your  Committee  recommends  that 
the  standard  tie  for. first-class  track  be  7  in.  by  8  in.  by  85^  ft.;  for  sec- 
ond-class track,  7  in.  by  8  in.  by  8  ft. ;  for  third-class  track,  6  in.  by  8  in. 
by  8  ft." 

Mr.  D.  W.  Lum  (Southern  Railway)  : — May  I  ask  why  the  thickness 
of  the  third-class  tie  is  made  6  inches?  Is  it  for  a  third-class  railroad? 
The  various  kinds  of  ties — first,  second  ar.d  third-class — will  be  apt  to  find 
themselves  in  one  piece  of  track,  and  it  seems  to  me  that  -while  a  distinc- 
tion might  be  made  in  purchasing  them,  that  cannot  always  be  made  in 
their  use ;  they  ought  to  be  of  a  uniform  length  and  as  wide  as  possible. 
Of  course,  it  is  recognized  that  the  width  of  8  inches  is  reached  on  ac- 
count of  the  supposed  scarcity  of  timber.  We  sacrifice  a  great  deal  when 
we  reduce  the  width  of  the  tie;  a  great  many  railroads  have  no  ballast; 
many  have  very  inferior  natural  material.  The  support  of  the  rail  is  de- 
pendent on  the  tie ;  the  load  passes  directly  to  the  ground  through  the 
tie,  and  if  it  is  wide  you  obtain  a  good  support;  if  it  is  narrow,  it 
is  a  poor  support  and  more  ties  are  needed.  Where  15  or  16  ties  were 
formerly  used  in  a  panel  or  length  of  rail — under  small  rail — the  prac- 
tice now  is  to  put  in  more  tics  and  more  spikes  are  used ;  and  while  the 
purchaser  thinks  he  saves  considerable  money  by  arranging  for  a  small  tie, 
he  really  buys  more  ties  and  more  spikes.  You  take  out  an  old  tie,  which 
was  9  or  10  inches  and  put  in  one  7  or  8  inches  wide ;  you  take  out  a  tic  that 
was  formerly  7  inches  thick,  and  nut  in  one  6  inches  thick.  I  do  not  think 
there  is  much  economy  in  reducing  the  size  of  the  ties  lor  railroads  hav- 
ing little  ballast  and  using  small  rail.  Where  the  lail  is  heavy  and  there 
is  perhaps  12  or  14  inches  of  rock  ballast,  there  may  be  some  reason  for 
reducing  the  size  of  the  tie.  We  do  not  need  the  thickness  or  width  of 
the  tic  as  a  tie ;  we  need  this  thickness  or  width  as  a  sill,  or  as  it  used  to 
be  called  as  a  sleeper,  something  to  oarry  the  load  of  the  150,000  pounds 
gross  cars  down  to  the  soil  or  dirt  that  we  are  depending  on.  I  presume 
that  perhaps  not  half  of  the  railroads  represented  here  to-day  have  good 
and  sufficient  ballast.  If  that  is  the  case,  where  shall  we  land  with  these 
small  ties  that  are  being  recommended,  not  by  the  Committee,  but  by 
those  who  do  the  purchasing  all  over  the  country?  We  have  not  taken 
out  all  of  the  light  rail  on  our  road,  and  perhaps  you  have  not,  many  of 
you  ;  it  will  be  some  time  before  we  use  90-pound  rail  all  over  our  seven 
thousand  miles,  and  it  will  also  be  some  time  before  you  have  90-nound  rail 
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all  over  your  railroad.  When  you  reduce  the  size  of  liie  ties,  there  is 
very  little  hctween  the  56-pound  or  6o-poun(l  or  65-pound  rail  and  the 
mud  you  arc  trying  to  get  away  from.  It  is  a  very  serious  matter  to  the 
trackmen.  I  know  all  practical  trackmen  will  say,  "give  us  ties;"  we  re- 
ply, "We  will  give  you  small  ties."  They  sa}^  "All  right ;  we  will  have  to 
put  in  more  of  them.''  I  found  one  man  with  22  ties  under  a  33-foot  85- 
pound  rail.  Wc  are  not  saving  anything  by  reducing  the  size  of  the  ties — 
not  a  thing.  A  great  many  ties  are  of  yellow  pine.  Northern  roads  are 
buying  large  lots,  and,  of  course,  the  Southern  roads  are  using  them.  I 
do  not  refer  to  treated  timber.  The  specitications  are  becoming  very  lax 
in  the  quality  of  the  yellow  pine  tie.  Where  formerly  a  tie  would  be  clear 
heart  and  last  seven  years,  now  it  may  have  so  many  inches  across  the 
corner  of  sap,  and  in  a  year  or  two  that  sap  being  close  to  the  ground  has 
disappeared,  and  the  sectionman  has  a  round  stick  to  tamp,  because  the 
width  and  thickness  has  been  reduced,  and  there  was  too  much  sap  on  the 
piece. 

If  a  motion  is  in  order,  I  move  that  the  6  by  8  by  8  tie  in  the  third- 
class  be  stricken  out.  It  would  seem  that  a  uniform  length  of  tie  should 
be  used  by  any  one  road.  Perhaps  8  feet  is  all  right  as  a  standard,  but  I 
do  not  see  how  two  lengths  of  ties  can  well  be  used  on  any  one  road  with- 
out making  the  tie  line  very  irregular,  unsightly  and  objectionable  on  that 
account,  if  for  no  other  reason.  We  also  need  the  length  of  tie,  if  it  is  of 
proper  thickness,   for  the  support  of  the  rail. 

Mr.  W.  W.  Curtis : — Perhaps  it  would  be  well  to  make  a  statement 
here  in  order  that  further  discussion  be  clear.  It  will  be  remembered 
that  this  is  the  third  time  we  have  come  before  you  with  a  recommenda- 
tion on  the  size  of  ties.  The  Committee  first  took  the  position  that  it 
was  impracticable  to  make  a  recommendation  for  a  standard  size  of  tie ; 
that  it  would  be  best  to  leave  that  to  the  various  roads.  The  convention 
differed  with  us,  and  directed  us  to  recommend  a  standard  size.  Conse- 
quently the  Committee  last  year  recommended  as  the  standard  size,  7  by 
8  by  S.  The  convention  again  disagreed  with  us,  and  directed  the  Com- 
mittee to  prepare  a  recommendation  for  different  sizes  of  ties  for  three 
classes  of  track.  It  is  not  the  idea  of  the  Committee  that  any  one  road 
will  use  the  three  sizes  of  ties  recommended  in  the  same  piece  of  track. 
The  Association  has  made  a  distinction  as  to  the  various  classes  of 
road — first,  second  and  third  classes.  Roads  able  and  willing  to  pay  for 
large  ties,  will  use  first-class  ties.  Other  roads,  perhaps  not  quite  as  able 
to  pay,  or  located  so  that  they  cannot  obtain  first-class  ties,  will  use  second- 
class  ties.  Then  we  have  roads  that  are  not  in  either  of  these  conditions. 
We  have  simply  endeavored  to  make  recommendations  that  will  accord 
with  the  previously  expressed  ideas  and  wishes  of  the  Association,  and 
get  a  standard  that  will  fit  the  various  classes  of  roads.  For  instance, 
Mr.  Lum's  road,  the  Southern,  located  in  the  South,  can  obtain  large 
ties ;  he  will  probably  use  7  by  8  by  8^/^  ties.  Roads  in  this  section  of  the 
country  have  not  been  able  to  get  them.  Mr.  Lum  speaks  of  making  a 
recession    in    our    specification    for    ties.    This    Committee,    two    or    three 
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years  ago,  made  an  inquiry  addressed  to  all  the  roads  in  the  country 
regarding  the  sizes  of  ties  in  use;  this  information  was  tabulated  and 
presented  to  the  Association.  It  is  my  recollection  that  fully  fifty  per  cent, 
of  the  roads  reporting  stated  that  they  had  not  found  the  6  by  8  by 
8  tie  too  small.  The  Committee  did  not  ask  the  roads  what  tie  they  would 
prefer  or  whether  they  would  prefer  targe  ties.  The  question  asked  was, 
"Have  you  any  reason  to  believe  that  a  6  by  8  by  8  tie  is  too  small?" 
The  Committee  desired  facts,  not  opinions.  The  replies  received  indicated 
that  the  6  by  8  by  8  tie  was  considered  large  enough,  that  it  gave  satisfac- 
tory service,  some  qualifying  this  statement  by  saying,  "Where  good  bal- 
last is  used."  To  say  that  we  are  receding  when  we  call  for  a  6  by  8  by 
8  tie  for  third  class  roads  only,  hardly  seems  to  fit  in  with  the  facts,  I 
think.  I  believe  we  ^re  making  a  distinct  advance  when  we  recommend 
for  first-class  track  a  standard  size  of  7  by  8  by  8^,  and  that  we  made  a 
distinct  advance  when  we  recommended  for  first-class  track  last  year  a 
lie  7  by  8  by  8. 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — It  occurs  to  me  that 
the  adoption  of  this  conclusion  by  any  one  railroad  will  result  in  confu- 
sion very  much  more  than  we  have  to-day.  You  all  know  we  cannot  get 
first-class  ties  on  any  specification,  and  all  specifications,  I  believe,  cover 
three  classes  of  ties,  all  the  same  length.  This  specification  to  my  mind 
will  complicate  that  matter  very  materially  in  requiring  nine  different 
classes  of  ties  for  one  railroad  instead  of  three,  as  we  have  at  present. 

M'r.  H.  T.  Porter  (Bessemer  &  Lake  Erie): — I  would  suggest  that 
we  change  the  wording  in  the  first  part  of  the  conclusion  to  read,  "that  the 
dimensions  of  standard  tie,"  etc.  The  size  does  not  make  the  tie  a  stand- 
ard tie.  I  have  seen  7  by  8  ties  which  I  would  not  consider  a  standard 
tie  by  any  means.  On  account  of  their  condition  they  would  not  be  fit 
for  any  kind  of  track.  In  order  to  make  it  specific,  I  suggest  that  the 
clause  simply  refer  to  the  dimensions,  which,  apparently,  is  what  is  in- 
tended to  be  covered. 

Mr.  W.  W.  Curtis : — The  Committee  has  already  recommended  and 
the  Association  has  adopted  specifications  for  ties,  containing  a  table  of 
dimensions  having  seven  different  sizes  of  ties,  designated  by  letters. 
That  was  not  considered  satisfactory.  The  Committee  did  not  specify 
what  size  tie  should  be  the  standard.  We  simply  gave  a  table  of  dimen- 
sions, so  that  each  road  could  ask  for  the  particular  dinicnsion  required. 
The  Association  last  year  directed  the  Committee  to  formulate  a  recom- 
mendation for  three  standard  sizes  of  ties,  or  rather  a  standard  size  for  the 
three  classes  of  track.  The  Committee  has  complied  with  the  instruction 
given,  and  has  made  its  recommendation  accordingly. 

Mr.  Porter: — If  I  understand  the  chairman  of  the  Committee  cor- 
rectly, he  states  the  Committee  was  instructed  to  bring  in  a  recommen- 
dation as  to  dimensions  for  the  standard  sizes  of  ties.  The  word  "size" 
does  not  appear  here  anywhere.  I  think  the-  word  "dimension"  or  "size" 
should  be  inserted  to  show  that  it  simply  pertains  to  the  si:fe  of  the  tie. 
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Mr.  Walter  G.  Berg  (Lcliigh  Valley)  : — The  Committee  reports  oil 
first,  second  and  third-class  track,  whereas  the  classification  adopted  in  the 
recent  letter-ballot  on  the  classification  of  track  says  "Classes  A,  B  and  C." 

Mr.  W.  VV.  Curtis : — I  think  it  would  be  well  to  change  that  to  con- 
form to  that  action. 

Mr.  Ewing : — The  Comniittcc,  in  its  endeavor  to  comply  strictly  with 
instructions,  has  gone  a  little  too  far.  The  Committee  has  now  recom- 
mended two  different  lengths  for  ties.  The  only  difference  between  fir3t 
and  second  class  is  in  the  length.  As  a  matter  of  fact,  some  first-class 
roads  are  using  ties  8  feet  long  instead  of  8^^  feet.  It  seems  to  me,  in 
view  of  the  complications  arising  if  different  lengths  were  used,  we  should 
adopt  ties  of  one  length  for  first,  second  and  third  class,  these  lengths 
to  be  of  such  size  as  are  suitable  for  first,  second  and  third-class  tracks. 
In  that  way  we  will  eliminate  the  very  objectionable  feature  of  having 
each  railroad  carrying  nine  classes  of  ties  in  stock  as  against  three  at 
present. 

Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie)  :— Bulletin  85,  page 
100,  contains  the  description  of  the  different  classes  of  track,  approved 
by  letter-ballot  of  the  Association.  Before  this  conclusion  is  put  into  the 
Manual,  in  order  to  make  it  clear,  I  think  the  Committee  should  change 
its  recommendation  so  that  the  wording  will  agree  with  the  classification 
of  track — Classes  A,  B  and  C.  If  there  is  a  combination  of  this  kind,  I 
think  some  of  the  objections  heretofore  stated  will  disappear. 

The  position  taken  by  Mr.  Lum,  it  appears  to  me,  is  correct.  When 
we  think  of  track  we  have  in  mind,  first,  the  subgrade ;  second,  the 
ballast;  third,  the  cross-ties,  and  fourth,  the  rails;  and  Mr.  Lum  is  right 
in  insisting  that  there  shall  be  no  recession  with  respect  to  that  which 
is  essential  to  good  track.  At  the  same  time  it  must  be  admitted  tliat 
the  Committee  was  obliged  to  frame  a  conclusion  that  is  more  or  less 
a    compromise. 

I  am  pleased  to  note  tliat  the  Committee  has  not  reduced  the  re- 
quirements as  to  thickness  for  second-class  track  ties.  That  is  an  im- 
portant point.  When  we  consider  the  relative  carrying  capacity  of  a 
7-inch  over  a  6-inch  tie  we  will  certainly  resist  any  tendency  to  a  reduc- 
tion in  thickness.  After  reading  the  description  of  Class  C  track  we  will 
readily  see  the  6  by  8  tie  will  not  be  endorsed  by  the  Association  for 
roads  of  either  the  higher  or  middle  clas.s,  for  the  reason  that  track  of 
Class  C  includes  all  districts  of  a  railway  not  meeting  the  traffic  require- 
ments of  Classes  A  or  B,  and  those  of  Class  A  are  roads  which  run 
at  fifty  miles  an  hour  or  higher,  and  Class  B  at  forty  miles  an  hour, 
rmd,  therefore,  in  accordance  with  the  Committee's  recommendation,  a 
6-inch  tie  would  not  be  used  by  many  roads  in  the  Eastern  part  of  the 
country  if  the  rules  are  strictly  complied  with. 

It  seems  to  me  that  the  entire  membership  of  the  Association  .should 
give  the  most  careful  study  to  the  article  by  Mr.  O.  E.  Selby,  published 
in    Bulletin   N'o.   80.     The   article   referred   to   contains   a   most   clear   and 
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thorouglily  complete  exposition  of  the  tlieory  of  stresses  in  the  track, 
and  takes  a  position  similar  to  that  hrought  out  by  Mr.  Lum,  namely,  that 
in  order  to  carry  the  cars  and  locomotives  now  in  use,  timber  of  the 
proper  thickness  and  length  must  be  used.  It  has  probably  been  the 
experience  of  most  memliers  to  make  concessions  to  the  purchasing 
department  with  respect  to  the  requirements  for  various  materials.  Rail- 
roads in  the  saliie  district  or  section  use  different  sizes  of  ties.  For 
example,  one-half  of  the  roads  in  a  certain  district  use  7-inch  ties,  and 
the  other  half  use  6-inch  ties.  The  purchasing  agent  for  the  road  using 
a  7-inch  tie  would  say,  "If  you  can  use  a  6-inch  tie  I  can  get  it  for  you 
very  quickly;''  and  if  you  authorize  him  to  buy  the  6-inch  tie  you  get  the 
ties.  That  proceeds  on  -an  erroneous  conception  of  the  problem  before 
the  engineer,  and  he  should  resist  any  expected  concession  from  him  in 
the  matter  of  receiving  smaller  ties.  The  article  Iw  INIr.  Selliy.  previously 
referred  to.  calls  attention  to  the  very  great  importance  of  additional 
timber  under  the  rails  due  to  present  loads,  and  for  the  equal  necessity 
for  additional  ballast.  If  the  conclusion  presented  by  the  Committee 
were  drawn  in  such  a  manner  as  to  specify  that  a  certain  tie  combined 
with  a  certain  form  of  ballast  would  be  a  proper  tie  for  Class  A  track 
or  Class  C  track  on  a  sub-soil  whose  bearing  power  was  definitely  stated, 
I  think  that  would  be  much  better  form.  1  would,  therefore,  su.ggest 
to  the  Committee  that  there  be  a  combination  between  their  conclusion 
and  the  statement  of  the  classification  of  track. 

Air.  Lum: — I  desire  to  call  attention  to  what  appears  to  be  a  trifle 
inconsistent  in  the  arrangement  of  the  thickness  of  the  tie,  that  is,  7 
inches  and  6  inches.  If  I  understand  it,  the  7-iiich  tie  is  recommended 
for  a  first-class  road  ;  that  is,  a  road  having  heavy  rail,  ample  ballast  and 
good  drainage;  and  a  6-inch  tie  is  recommended  for  a  third-class  road, 
which,  probably,   would   have  no   ballast,   and  use   a   light   rail. 

Mr.  W.  W.  Curtis: — I  wish  to  call  Mr.  Lum's  attention  to  one  reason 
for  making  a  change  from  the  6-inch  tie  to  the  7-inch  tie,  not  heretofore 
brought  out  in  the  discussion,  and  that  is  this:  From  the  returns  from 
the  roads  replying  to  the  inquiry  of  the  Committee,  in  man\'  instances 
where  a  thicker  tie  was  advocated  the  reason  given  for  the  desired  increase 
was  that  as  we  are  now  using  long  spikes,  the  spike  is  put  clear  through 
the  tie  ;  hence  we  should  have  a  7-inch  thickness. 

Mr.  Lum : — You  are  trying  to  dodge  the  proposition.  You  are  en- 
deavoring to  make  the  poor  fellow  who  has  to  get  the  tie  take  care  of 
3'our  failure  to  put  ballast  under  the  ties. 

Mr.  W.  M.  Camp  (Railway  and  Engineering  Review)  : — I  agree 
with  Mr.  Lum.  I  think  that,  from  the  standpoint  of  the  requirements 
of  the  present  day,  he  states  the  proposition  correctly.  One  finds  tha't  in 
days  gone  by  the  road  with  the  poorest  track  had  the  longest  ties.  Some 
roads  in  Te.xas  and  Louisiana  have  had  a  g-foot  tie  as  their  standard 
for  the  past  thirty  years.  That  was  because  the  track  was  on  "mud" 
ballast,   and   there  had   to  ])e   something  to  pro\ide   extra   l^earing   on   the 
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roadbed.  Undonlitcdly  llic  Committee  has  followed  its  instruetions,  but 
ill  my  opinion  those  instruetions  were  wrong.  I  think  this  Association 
should  recommend  wliat  it  considers  a  standard  tie,  and  if  a  purchasing 
agent  wishes  to  buy  ties  which  are  cheaper  than  the  standard,  let  him 
do  so  by  purchasing  ties  that  are  classed  as  culls. 

For  the  poorest  track  there  is  need  of  the  best  tie^.  Track  which 
has  the  smallest  weight  of  rail  and  little  or  no  ballast  must  have  the 
timber  there  for  bearing.  I  think  ties  for  third-class  track  should  be 
8^  feet  long.  If  the  length  of  tie  is  9  feet,  in  order  to  have  it  of 
requisite  stififness,  the  thickness  must  be  in  proportion.  I  believe  the 
idea  of  specifying  three  classes  of  ties  is  wrong,  but  if  there  must  be 
three  classes,  give  us  the  longest,  widest  and  strongest  ones  for  the 
poorest  track,  referring,  of  course,  to  main-line  track. 

Mr.  Lum : — Did  not  the  reports  received  by  the  Committee  indicate 
that  where  small  ties  are  used,  a  considerable 'quantity  of  ballast  was 
used  also? 

Mr.  W.  W.  Curtis: — In  some  instances  only;  many  roads  using  6-inch 
ties  arc  not  ballasted.  The  Committee  recommends  that  these  roads 
adopt  a  7  by  8  by  8  tie  as  standard. 

(The  meeting  adjourned  to  Thursday  morning.) 

Mr.  Ewing: — I  have  thought  of  this  matter  very  carefullj-,  and  I 
believe  the  confusion  to  which  I  referred  yesterday,  as  to  the  various 
numbers  of  ties  each  road  would  have  to  carry,  would  be  almost  entirely 
eliminated  if  we  had  one  uniform  length.  I,  therefore,  would  make  a 
motion  that  the  report  of  the  Committee  be  adopted,  with  the  change  in 
length  to  8^  feet  throughout,  and  that  the  tie  for  first-class  roads  be 
7  by  9  instead  of  7  by  8. 

Mr.  Lum : — The  question  of  the  size  of  tie  is  one  of  very  great 
importance  to  members  of  this  Association,  representing  almost  all  rail- 
roads in  the  United  States.  We  call  it  a  tie ;  it  is  also  a  sill,  or  a 
sleeper.  It  transmits  the  load  of  the  train  and  engine  to  the  earth.  The 
Committee  suggests  that  the  size  of  the  tie  be  reduced.  When  ties  were 
first  used,  and  until  recently,  it  was  generally  assumed  that  a  tie  8'/: 
feet  long,  7  inches  thick  and  9  inches  wide  was  necessary  for  the  support 
of  a  light  rail,  for  the  support  of  an  engine  weighing  about  100,000 
pounds,  or  for  the  support  of  a  car  whose  gross  weight  approximated 
60,000  pounds.  Now  we  have  with  the  same  soil,  and  the  same  conditions 
underneath,  a  load  of  200,000  or  300,000  pounds  for  the  engine — three 
times  as  much;  a  load  of  i6o,oco  pounds  gross  for' the  car — again  three 
times  as  much,  and  we  ought  not  to  propose  the  use  of  a  smaller  tie. 
This  Association  cannot  afford  to  go  before  the  railroad  world  nnd 
announce  that,  while  formerly  it  was  desirable  to  have  a  fair-sized  tie 
to  support  light  loads,  now,  with  the  heavier  loads  a  smaller  tie  is  prac- 
ticable. Lumbermen  claim  that  ties  are  now  hard  to  obtain;  that  is  true 
— ties  are  difficult  to  obtain.  When  the  30,000-pound  or  40,000-pound 
car  was  in  use  the  journal  used  was  3V2  inches.     Now  we  use  a  5-inch 
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journal.  Well,  a  5-iiicli  journal  is  also  hard  to  get,  llic  200,000  or  300,000- 
pound  engines  arc  hard  to  get ;  and  so  it  is  with  the  100,000-pouiul 
capacity  coal  car,  compared  with  the  25,000,  30,000  or  40,000-pound  car 
of  years  ago.  All  articles  pt^rchased  and  used  on  a  railroad  arc  hard 
to  get  at  present.  Times  have  changed — prices  have  advanced.  It  is 
more  difficult  to  obtain  ties  now  than  formerly  when  wood  was  more 
plentiful.  We  all  agree  that  there  is  now  less  timber  in  the  countrj-, 
but  we  also  know  that  it  is  not  all  gone  and  that  ties  are  yet  available, 
although  with  troublesome  effort;  but  even  if  that  were  not  the  case,  if 
the  timber  were  all  gone  the  Association  cannot  consistently  state  that, 
whereas  twenty  years  ago  a  7  by  9  tie  was  necessary  for  the  small  load, 
now  that  timber  is  hard  to  get,  a  6  by  7  or  a  6  by  8  lie  is  right  and  proper. 
There  are  other  materials  which  may  be  utilized  for  ties.  We  might  use. 
metal  or  concrete  when  the  proper  time  comes,  and  I  have  no  doubt  that 
in  due  time  other  devices  will  be  advanced  and  offered.  I  think  it  would 
put  us  in  a  very  awkward  position  to  go  before  the  railroad  world  and 
say  that  as  a  large  tie  is  now  difficult  to  procure,  we  have,  as  engineers, 
decided  that  a  small  one  will  answer. 

One  more  point  and  I  will  be  through,  if  you  will  pardon  me.  If 
the  size  of  the  tie  is  reduced,  as  suggested,  we  must  use  more  of  them ; 
we  must  use  more  spikes ;  ties  must  be  tamped  oftener  and  trackmen  will 
have  more  difficulty  in  holding  these  small  sticks  of  wood  in  position 
under  the  track  or  in  endeavoring  to  hold  the  track  to  a  true  line  and 
.=urface  than  is  required  with  the  ordinary  fair-sized  ties.  The  cost  of 
the  tie  is  not  the  measure  of  expense  to  the  company;  and  I  second  the 
motion  that  the  ordinary  standard,  7  by  9  tie,  which  was  good  for  a  small 
car  and  a  light  load,  is  none  too  large  for  our  new  and  increasing 
loads. 

Mr.  Berg: — Mr.  President,  I  think  we  want  to  be  very  particular 
before  we  adopt  any  resolutions  here,  independent  of  the  question  of 
sizes,  as  to  what  the  purpose  of  this  resolution  will  be ;  what  it  refers 
to,  and  especially  what  results  or  entanglements  may  become  apparent 
later  on.  The  motion  just  made  refers,  lor  instance,  to  changing  the 
ties  for  the  three  classes  of  track  to  one  standard  length  of  8^  feet.  We 
should  distinctly  know  what  class  of  track  we  are  adopting  standards  for 
and  what  service.  As  I  understand  it,  the  classification  of  the  Committee 
on  Track  refers  to  three  classes  of  track,  based  on  tonnage,  volume  of 
traffic,  speed,  etc.  It  does  not  cover,  for  instance,  sidetracks,  inferior 
tracks,  yards,  industrial  tracks  serving  into  works,  etc.,  for  which  it.  is 
customary  for  the  railroads  to  use  smaller  ties  and  shorter  ties — 8  foot 
ties.  Under  this  short  conclusion,  as  drawn,  without  qualifitation,  it 
might  be  assumed  that  all  8-foot  ties  were  to  be  thrown  out. 

While  agreeing  with  Mr.  Lum  on  the  question  of  the  necessity  of  a 
strong  tie  for  main  line  movements  on  any  of  the  classes  cf  track  we  have 
classified,  I  believe  Mr.  Lum  will  admit  that  on  sidings,  where  cars  are 
from   time  to  time   shoved   into   factory  tracks,   yards,   etc.,   smaller   and 
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shorter  ties  could  be  used.  Before  we  adopt  this  far-reaching  conclusion, 
in  the  very  abbreviated  form,  without  qualifications,  in  which  it  is  pre- 
sented to  us  by  the.  Committee,  wc  should  consider  it  very  carefully.  I 
think  the  Committee  has  had  the  benefit  of  pretty  full  and  free  discussion 
on  the  floor,  and  it  has  developed  tliat  there  are  a  number  of  viewpoints 
that  can  be  taken  on  this  subject;  and  I  think  it  would  be  ni'.ich  better, 
before  we  pass,  on  the  spur  of  the  moment,  we  might  say,  on  a  very 
abbreviated  conclusion,  I'hat  the  Committee  should  take  this  matter  under 
consideration  for  another  year,  and  aim  to  formulate  a  conclusion  giving 
the  classes  and  sizes  of  ties,  and  qualify  it  so  that  it  shall  Ix^  distinctly 
understood  what  class  of  track  and  conditions  it  refers  to. 

I  therefore  move  as  an  amendment,  Mr.  President,  that  this  con- 
clusion be  referred  back  to  the  Committee,  to  report  at  the  next  conven- 
tion. 

Mr.  A.  W.  Johnston  (New  York,  Chicago  &  St.  Louis)  : — I  second 
the  amendment. 

j\Ir.  Wendt : — I  merely  want  to  call  attention  to  the  position  of  the 
Committee  as  outlined  on  page  75.  In  the  text  of  the  report  the  Commit- 
tee states  that  in  its  judgment,  based  upon  strength  and  economy  of 
expense  in  connection  with  maintenance,  they  would  advocate  yxg.xS'^- 
foot  ties  for  Class  A  track,  and  7x8x8  ties  for  Classes  B  and  C  track. 
They  also  state  that  the  present  recommendation  is  based  entirely  on 
the  condition  of  the  tie  supply.  It  is,  therefore,  my  judgment  that  the 
conclusion  should  be  so  phrased  as  to  indicate  that  it  is  based  entirely  on 
the  conditions  of  the  timber  supply  and  not  on  the  conditions  of 
economy  in   maintenance. 

I  would  like  to  ask  Air.  Berg  if  he  will  accept  a  change  in  his 
motion,  so  that  instructions  will  be  given  the  Committee  on  Ties,  Com- 
mittee on  Ballast  and  Committee  on  Track,  to  hold  a  conference  and  to 
bring  before  the  convention  next  year  a  comprehensive  report  embodying 
essentials  of  track  construction;  that  is.  they  are  to  recommend  certain 
classes  of  lies  and  certain  sizes  of  ties,  and  indicate  how  many  ties  or 
sleepers  per  rail  length  would  be  necessary  in  order  to  carry  the  traffic. 
It  seems  to  me  what  we  are  looking  for  is  a  recommendation  in  regard 
to  track  structure.  We  are  not  particularly  interested  in  the  size,  so 
long  as  it  is  ample.  The  real  point  is,  what  arc  the  essentials  of  track 
structure  for  Class  A  track,  for  Class  B  track  and  Class  C  track?  If  the 
Committee  desires  to  recommend  ties  of  certain  classes,  it  is  up  to  the 
other  committees  to  recommend  just  what  arrangement  of  ties  and  ballast 
would  be  necessary  in  order  to  carry  the  traffic. 

Mr.  Berg: — 'Sir.  Wendt's  remarks,  while  aiming  at  the  conclusions 
the  Committee  makes,  in  one  way  after  all  follow  the  trend  of  my  idea, 
namely,  that  there  are  a  number  of  viewpoints  on  this  subject,  and  it  is 
a  very  general  and  broad  question,  and  it  is  best,  in  my  opinion,  and  the 
trend  of  his  remarks  indicates  that  he  also  believes  that  it  is  best,  that 
the  subicct  be  threshed  out  and  that  more  consideration  be  given  to  the 
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general  purposes  and  effect  of  the  resolution.  I  am  favorable  to  the 
idea  that  the  Tie  Committee  shall  confer  with  the  other  associated  com- 
mittees, so  as  to  bring  in  conclusions  which  will  be  in  harmony  with  the 
action   of  other  committees   on   co-ordinate   subjects. 

I  do  not  think  it  is  desirable  to  adopt  one  feature  which  Mr.  Wendt 
spoke  of,  and  instruct  the  Committee  to  state  in  their  conclusion  that  it 
is  based  on  the  available  supply  conditions,  etc.  I  think  we  should  leave 
them  to  take  a  broad  view  of  the  matter — what  form  is  best  for  the 
Association — and  to  report  their  conclusions.  The  Committee  will  ap- 
proach the  subject  in  a  general  way,  and  with  a  full  realization  of  the 
import  of  the  conclusion  as  it  goes  to  the  Association.  I  will  prefer  to 
have  my  'motion  stand,  that  the  matter  be  referred  back  to  the  Commit- 
tee for  a  report  another  year.  I  have  no  objection  to  the  Committee  hav- 
ing a  joint  conference  with  the  other  committees,  if  it  desires. 

Mr.  W.  W.  Curtis : — I  would  very  much  regret  to  see  the  amendment 
adopted,  for  this  reason :  As  stated  yesterday,  the  Committee  has  now 
had  this  matter  under  consideration  for  three  years.  J\ly  own  judgment 
is  now  as  it  was  three  years  ago,  that  it  is  impracticable  and  undesirable 
for  the  Committee  to  recommend  a  standard  size  tie  for  any  class  of  road. 
The  Committee  had  this  idea  in  mind  in  framing  its  specifications  for 
ties.  In  these  specifications  we  did  not  specify  dimensions,  but  gave  a 
table  of  dimensions,  so  that  each  road  could  select  and  specify  what  it 
desired. 

It  will  be  remembered  that  a  list  of  roads,  aggregating  some  fifty 
thousand  miles,  was  read  yesterday,  which  stated  that  their  standard  size 
tie  was  6  by  8  b}'  8.  These  roads  have  always  used  that  size,  and  1 
do  not  think  have  made  any  change  in  the  past  twenty-five  years  except 
to  increase  the  number  of  ties  per  rail.  The  Committee  is  not  aware 
that  any  change  is  contemplated  by  these  roads  now.  Recently  there 
were  two  disastrous  railroad  wrecks  ni  this  country,  attributed  by  the 
newspapers  to  ever}'  possible  cause  and  condition  ;  it  has  even  been  sug- 
gested that  they  were  due  to  the  ties.  If  this  Association  puts  itself 
on  record  as  recommending  a  7  by  9  by  8yl  tie  as  a  standard  tie  for  Class 
A  track,  as  suggested,  and  one  of  the  many  roads  now  using  a  6  by  8 
by  8  tie  have  an  unfortunate  accident,  it  might  leave  them  in  a  rather 
embarrassing  position.  It  is  therefore  my  judgment  that  this  is  a  matter 
that  had  better  be  left  to  each  individual  road. 

The  Committee  brought  in  the  recommendations  on  the  distinct  in- 
structions of  the  Association.  If  we  now  are  instructed  to  take  the  mat- 
ter up  again,  we  will  of  course  do  so,  but  I  do  not  see  that  we  can 
produce  any  more  satisfactory  results.  As  said  before,  I  think  it  unwise 
for  the  Association  to  adopt  any  size  as  standard.  But  if  the  convention 
insists  on  adopting  some  size  as  standard,  the  Committee  would  very 
much  prefer  to  have  the  Association  indicate  what  is  desired — let  the  indi- 
vidual members  place  themselves  on  record  as  to  what  they  believe  is  the 
proper    size   of   ties    to   use.     One   of    the  difficulties   of   the    question    is 
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that  we  are  attempting  to  establish  standards  for  roads  covering  so  many 
varying  conditions.  Some  roads  are  so  located  that  it  is  as  easy  to 
obtain  a  large  as  a  small  tie,  while  others  again  have  great  difficulty  in 
getting  any  tie  whatever.  That  is  one  reason  why  I  believe  it  a  mistake 
for  the  Association  to  adopt  standards  for  this  purpose,  unless  it  is  done 
on  a  geographical  basis,  and  if  that  were  attempted,  there  is  no  teUing 
where  the   trouble   would   end. 

Mr.  Berg: — While  the  chairman  of  the  Committee  rose  to  speak 
against  my  amendment,  I  am  glad  to  note  that  the  general  trend  of  his 
remarks  are  in  favor  of  the  amendment.  It  is  apparent  from  his  remarks 
and  also  from  the  remarks  in  the  printed  report,  that  the  Committee  is 
divided  on  the  subject,  not  only  as  to  the  form  of  their  report,  whether 
based  on  available  tie  supplies  or  based  on  their  conscientious  engineering 
views  as  to  what  should  be  done  from  a  particular  standpoint ;  but  in 
addition  to  that  the  Committee  is  uncertain  just  what  its  stand  is,  and  it 
is  apparently  divided  on  the  subject.  The  chairman  has  brought  up  the 
very  point  that  lies  at  the  basis  of  my  proposed  amendment,  that  is,  that 
the  matter  needs  more  deliberate  and  careful  consideration  as  to  the 
form  in  which  any  conclusion  should  be  adopted  than  can  be  possibly  had 
on  the  floor  of  the  convention  ;  and  I  will  mention,  while  I  did  not  mention 
it  before  and  did  not  mention  it  in  the  proposed  amendment,  the  amend- 
ment reads  that  the  matter  shall  be  referred  back  to  the  Committee  for 
further  consideration  and  report  to  the  next  convention.  That  doeS  not 
exclude  a  report  from  the  Committee  that  after  having  given  due  con- 
sideration to  the  subject  the  Committee  finds  it  undesirable  to  make  any 
specific  recommendation.  That  covers  the  point  the  chairman  of  the  Com- 
mittee made  as  his  personal  idea  of  the  matter.  I  had  that  in  mind,  and 
it  is  entirely  within  the  province  of  the  Committee  to  bring  in  such  a 
report.  There  will  be  no  accompanying  instructions  other  than  to  say 
that  we  refer  this  matter  back  to  the  Committee  for  further  consideration 
on  the  basis  of  the  points  brought  out  on  the  floor,  and  that  they  then 
report   further   next  year. 

Mr.  W.  W.  Curtis: — I  just  want  to  make  one  request,  and  that  is, 
would  it  not  be  perfectly  proper  for  us  to  take  an  informal  vote  here  as 
to  the  desirability  of  attempting  to  establish  any  standard  size?  For  the 
benefit  of  the  Committee,  let  us  know  where  we  stand.  We  came  in  with- 
out any  recommendations  for  good  and  sufficient  reasons  two  years  ago. 
We  were  instructed  to. bring  in  recommendations.  We  brought  them  in 
last  year.  Then  we  were  instructed  to  submit  recommendations  for  vari- 
ous sizes  of  ties.  There  has  never  been  a  vote  taken  on  this  question 
except  last  year.  Can  we  take  an  informal  vote  to  find  out  whether,  in  the 
judgment  of  the  members  assembled  to-day.  it  is  desirable  to  have  any 
standard  at  all? 

Mr.  E.  O.  Faulkner  (Santa  Fe)  : — The  Connnittec  would  like  to  hear 
from  some  of  the  members  who  are  now  using  a  6  by  8  by  8  tie  as  to  their 
polic)'  in  the  event  of  the  Committee  recommending  a  larger  one  for  all 


DISCUSSION    ON    TIES.  519 

classes  of  track.  It  is.  very  easy  for  the  Chief  Engineer  of  the  Lehigh 
Valley,  using  an  8i^-foot  tie,  to  advocate  that  length,  or  for  Mr.  Lum  to 
do  so.  I  do  not  know  what  Mr.  Ewing's  road  uses,  but  I  have  here  a  list 
taken  this  morning  from  the  report  made  to  the  International  Railway 
Congress,  and  out  of  51  roads,  large  and  small,  there  were  thirty  of  the 
leading  roads  in  the  country  using  a  "6  by  8  by  8  tie  e.Kclusively.  The 
trend  of  Mr.  Lum's  remarks — probably  he  did  not  intend  it — under  these 
circumstances  seemed  to  me  unfair,  in  implying  that  this  Committee  is 
recommending  to  the  Maintenance  of  Way  Association  sticks  for  ties.  I 
think  many  of  the  members  now  here  know  that  for  a  great  many  years 
the  standard  has  been  6  by  8  by  8,  and  probably  on  just  as  good  roads 
as  the  Southern.  I  will  read  a  few  of  them,  and  the  members  can  judge 
for  themselves :  New  York  Central ;  New  York,  New  Haven  &  Hartford ; 
Atchison,  Topeka  &  Santa  Fe ;  Chicago,  Burlington  &  Quincy ;  Chicago  & 
Northwestern;  Chicago,  Rock  Island  &  Pacific;  Big  Four;  Michigan  Cen- 
tral, etc. — no  need  to  read  any  more.  I  would  like  to  ask  some  of  the 
gentlemen  who  are  using  6  by  8  by  8  ties  whether  if  this  Association  adopts 
a  6  by  8  by  SK-,  or  7  by  9  by  8^',  or  something  else  by  8V2,  their  roads 
will  follow  the  recommendation  of  the  convention,  which  would  mean  that 
all  the  ballast  on  their  roads  would  have  to  be  changed,  because  you  would 
begin  next  year,  probably,  putting  in  SVi-ioot  ties,  while  your  ballast 
shoulder  would  be  for  an  8-foot  tie.  No  roadmaster  or  maintenance  man 
would  want  his  track  to  have  such  a  ragged  appearance,  and  he  would  at 
once  put  in  an  "authority  for  expenditure"  to  increase  the  ballast  all  over 
so  as  to  accommodate  his  8j^-foot  ties  as  they  were  inserted  I  think 
when  he  made  such  an  application  he  would  have  to  bring  up  some 
stronger  argument  for  the  expense  than  to  recite  the  fact  that  the  Main- 
tenance of  Way  Association,  headed  by  the  roads  already  using  8^/2  or 
9-foot  ties,  recommended  the  change.  I  heard  one  gentleman  yesterday 
afternoon  say  he  understood  nearly  all  the  roads  in  the  South  used  9-foot 
ties;  I  would  like  to  ask  him  what  those  are.  I  have  looked  through  the 
records  and  can  find  only  four.  I  know  that  when  the  Gulf,  Colorado  & 
Santa  Fe  was  built  thirty  years  ago  they  put  in  9-foot  cypress  ties,  simply 
because,  I  suppose,  it  was  as  easy  to  cut  a  9- foot  tie  as  an  8-foot;  but 
since  construction  time  the  8-foot  tie  has  been  the  standard  on  that  road. 
The  question  whether  a  length  of  85^  feet  is  actually  necessary,  under  a 
good  ballasted  track,  well  kept  up  and  well  drained,  has  not  I  think  been 
acttially  determined  by  maintenance  engineers,  excepting  possibly  on  a  few 
roads,  and  before  this  Committee  is  placed  in  the  position  for  I  think  the 
fourth  time  of  making  another  recommendation  to  the  convention,  we 
would  like  to  know  what  some  of  the  leading  systems  that  are  now  using 
a  6  by  8  by  8  tie  will  do  in  case  a  longer  one  is  suggested. 

Mr.  Lum : — Mr.  Chairman,  my  understanding  was  that  it  was  the 
intention  to  recommend  what,  in  the  judgment  of  the  Association,  was 
a  consistent,  suitable  size  tie.  The  question  is  of  the  suitability  of  ihe 
tic,  rather  tlian  the  availability.     I  do  not  bcJicvc  that  the  small  tic  is  an 
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economical   tie,   considered   in   the  year's   expense,   even   though   the   small 
tie  is  cheaper  in  first  cost.  ^ 

Mr.  Camp: — If  the  Committee  found  a  satisfactory  number  of  first- 
cjass  roads  using  6  by  8  by  8-foot  ties,  why  did  they  go  above  that  finding 
and  recommend  7  by  8  by  SjA-ioot  ties  for  first-class  roads?  This  an- 
nouncement of  the  Committee,  that  they  found  a  number  of  first-class 
roads  using  a  small  tie,  is  only  in  line  with  what  I\Ir.  Lum  and  I  have 
been  trying  to  tell  them — that  a  small  tie  is  more  consistently  used  with 
heavy  rails  and  deep  ballast  than  on  poor  roads  with  light  rails  and  no 
ballast. 

Mr.  W.  W.  Curtis: — Answering  Mr.  Camp's  inquiry  why  we  suggested 
a  change :  The  reason  is  because  the  answers  we  received  to  the  in- 
quiries showed  that  in  using  a  heavier  rail  we  are  using  a  longer  spike, 
and  that  a  6-inch  thickness  was  not  sufficient  for  the  longer  spike  used, 
consequently  we  proposed  changing  it  to  7  by  8  instead  of  6  by  8. 

The  President : — The  motion  is  on  the  amendment  to  the  original 
motion. 

(The  motion  was  carried.) 

The  President: — The  motion  will  now  be  on  the  original  motion  as 
amended. 

(The   original   motion   was    carried.) 

Mr.  W.  W.  Curtis: — The  next  and  last  recommendation  is  that  the 
specifications  for  tie  treatment,  submitted  in  1906.  be  adopted.  There 
have  been  no  changes  in  them.  The  Committee  considered  the  matter  in 
the  light  of  the  criticism  of  last  year,  but  saw  no  reason  to  change  or 
modify  the  specifications. 

The   President: — Any   discussion   upon    conclusion   No  2? 

Mr.  Johnston  : — With  the  understanding  that  the  Committee's  report 
simply  sets  forth  the  present  state  of  the  art,  I  make  a  motion  that  that 
be  adopted. 

Mr.  Berg: — I  second  the  motion,  although  I  would  iikc  to  ask  Mr. 
Curtis  whether  that  is  to  be  published  in  the  Manual  of  Recommended 
Practice. 

(The  motion  was  carried.) 

Mr.  G.  H.  Bremner  (Chicago,  Burlington  &  Quincy)  : — I  would  like 
to  ask  whether  we  adopted  the  first  recommendation  or  not.  I  could  not 
make    out    the    motion. 

The  President : — No,  the  amendment  changed  the  original  motion  to 
the  form  of  referring  it  back  to  the  Committee  for  further  consideration 
and  report  to  the  next  annual  convention. 

Mr.  W.  W.  Curtis: — I  would  repeat  my  request  that  an  informal  vote 
be  taken  on  the  question  of  the  desirability  of  reconnnending  standard 
sizes  for  ties.  If  we  could  olitain  an  expression  one  way  or  another,  it 
would  materially  aid  the  Committee  in  its  future  work. 

Mr.  Johnston: — It  seems  to  me  that  a  declaration  here  would  not 
voice  as  fully  as  the  Committee  might  desire  the  feeling  of  the  Associa- 
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tion  as  a  whole,  and  it  is  within  the  province  of  the  Committee  seeking 
information  to  take  a  letter-ballot  on  this  question. 

The  President: — Do  you  make  that  as  a  moticn,  Mr.  Johnston? 

^Ir.  Johnston  : — I  make  that  as  a  motion. 

The  President: — It  is  moved  and  seconded  that  the  sense  of  the  As- 
sociation at  large  be  taken  during  the  year  by  letter-ballot,  to  indicate, 
as  I  understand  it,  whether  it  is  desirable  for  the  Committee  to  recom- 
mend a  specific  size  tie. 

^Ir.  Berg; — I  would  like  to  ask  if  it  is  desirable  to  couple  with  that 
suggestion,  in  connection  with  the  letter-ballot,  a  short  brief,  giving  the 
pros  and  cons  ? 

\lr.  Johnston : — I   should   think   that   would   be   well. 

Mr.  r\IcDonald : — I  think  it  would  also  be  desirable  for  the  Committee 
to  request  each  member  who  votes  to  briefly  give  his  reasons.  The  reasons 
on  some  roads  would  be  entirely  financial  considerations,  while  on  other 
roads  it  would  be  physical  conditions.  I  think  if  the  reasons  were  given 
it  would  shed  a  good  deal  of  light  on  the  question  for  the  benefit  of  the 
Committee. 

(The  motion  was  carried.) 

The  President : — The  Committee  will  now  be  relieved  with  the  thanks 
of   the   convention. 

The  President : — Mr.  C.  G.  Crawford,  Chief  of  the  Section  of  Wood 
Preservation  of  the  Forest  Service.  Department  of  Agriculture,  desires 
to  make  a  few  remarks. 

yir.  C.  G.  Crawford  (Forest  Service)  : — I  have  been  especially  inter- 
ested in  the  discussions  on  the  floor  during  this  convention  on  the  use  of 
wooden  materials.  These  discussions  have  emphasized  very  forcibly  to  my 
mind  the  fact  that  railroads  are  very  large  users  of  timber,  and  that  the 
annual  consumption  by  this  class  of  consumers  is  very  great.  While  tim- 
ber is  used  by  the  railroads  in  the  form  of  car  lumber,  bridge  timber,  ties, 
etc.,  undoubtedly  the  largest  quantity  is  used  as  ties.  We  have  heard 
during  this  convention  a  good  deal  of  discussion  on  the  future  tie  supply, 
and  your  Committee  seems  to  have  made  some  of  its  recommendations 
because  of  the  growing  scarcity  in  the  supply  of  timber  available  for  tie 
purposes.  Each  year  the  suppK^  is  becoming  less  and  prices  are  going  up. 
It  has  been  stated  during  this  convention  that  the  railroads  need  the  very 
best  ties  that  can  be  had ;  that  is  certainly  true.  It  seems  there  are  at 
present  not  enough  facts  to  warrant  the  adoption  of  concrete  or  steel  ties, 
and  that  the  wooden  tie,  for  a  while  at  least,  must  largely  serve  the 
purpose  of  the  railroads. 

Unless  something  is  done  to  lengthen  the  life  of  the  wooden  tie  and 
to  get  a  greater  length  of  service  than  is  obtained  at  present,  the  railroads 
will  experience  a  great  deal  more  difficulty  in  the  future  than  they  have 
in  the  past  in  securing  enough  ties  for  annual  renewals.  That  question 
it  seems  to  me  is  one  of  the  most  vital  matters  confrontmg  the  railroads 
to-dav.     As  vou  know  the  tie  fails  through  decav  and  mechanical  abrasion. 
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These  two  causes  largely  aid  each  other  in  destroying  the  tie,  that  is,  when 
the  tie  is  cut  through  the  action  of  the  rail  permitting  the  accumulation  of 
moisture,  the  conditions  are  much  more  favorable  for  the  lodgment  and 
growth  of  fungus  spores  which  cause  decay. 

It  might  interest  you  to  know  what  the  Forest  Service  is  doing  to 
ascertain  the  best  method,  and  to  determine  the  value  of  the  different 
methods  now  in  use  for  handling  and  treating  timbers  used  for  different 
purposes.  We  believe  the  reason  why  the  railroads  and  various  timber 
consumers  are  not  employing  methods  which  will  give  a  longer  life  to 
timbers  is  because  there  is  not  sufficient  data  available  from  which  to  draw 
conclusions  as  to  which  is  the  best  method  to  adopt.  We  are  endeavoring 
to  secure  information  which  will  aid  the  consumers  of  timber  in  this 
country  to  decide  upon  methods  of  preservation  which  will  give  a  long 
term  of  service.  We  are  conducting  a  number  of  experiments  on  timber 
for  different  uses,  and  the  information  obtained  from  one  is  often  largely 
augmented  by  the  other,  although  it  may  be  that  the  timber  is  used 
entirely  for  a  different  purpose.  I  shall  mention  but  two  classes  of  experi- 
ments which  we  are  conducting. 

We  believe  that  the  value  of  the  different  elements  entering  into 
timber  preservation  are  best  demonstrated  by  actual  use,  while  a  thorough 
knowledge  of  the  technical  characteristics  of  the  timber  and  different 
species  help  one  to  estimate  approximate  results,  yet  the  final  conclusions 
which  must  be  drawn,  and  upon  which  future  operation  should  be  based, 
should  be  determined  from  actual  use.  To  obtain  this  information,  we 
are  laying  a  number  of  experimental  tracks.  We  are  doing  this  wherever 
we  can  find  an  opportunity,  and  are  able  to  get  the  railroads  to  co- 
operate with  us  in  the  work.  In  these  tracks  of  a  mile  or  two  in  length 
we  are  placing  ties  of  different  species  treated  under  various  conditions, 
and  according  to  the  methods  which  are  considered  most  important  and 
are  receiving  the  most  attention  at  the  present  time.  We  are  using 
different  forms  of  tie-plates  and  spikes  to  determine  their  value  in  pre- 
venting rail-cutting,  and  thus  aid  in  preserving  the  tie  from  decay. 

We  are  often  asked  if  it  will  not  require  eight  or  ten  years  before 
any  results  may  be  available  from  these  tests.  We  are  getting  results 
from  them  much  sooner  than  one  would  expect.  It  is  not  necessary  to 
wait  until  the  ties  must  be  removed  before  results  are  available.  If  the 
locality  of  the  test  is  carefully  selected,  it  is  surprising  how  quickly  we 
get  results  in  some  form  or  another.  The  tics  do  not  begin  to  decay  in 
two  or  three  years,  but  evidences  of  decay  appear  long  before  it  is  neces- 
sary to  remove  the  tie  from  the  track.  Mechanical  wear,  checks,  and 
evidences  of  fungus  growth,  which  appear  soon  after  the  tie  has  been 
laid,  are  valuable  in  estimating  its  probable  length  of  life.  We  believe 
these  experimental  tracks  are  of  great  value  to  the  railroads,  and  will  bo 
important  factors  in  solving  the  problems  which  are  going  to  confront  the 
railroads  and  other  users  of  timber  in  a   short  time  when   it  has  Ijccome 
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imperative  to  adopt  some  system  other  than  the  ones  now  in  use  if  they 
expect  to  maintain  an  adequate  tie  suppl}-. 

This  experiment  is  being  supplemented  by  many  others,  but  the  one 
which  I  wish  to  mention,  although  it  has  no  connection  with  railroad 
work,  is  yielding  valuable  results  which  may  be  applied  to  the  treatment 
of  railroad  timbers.  I  refer  to  tho  work  which  we  are  doing  in  the 
anthracite  mining  regions  of  Pennsylvania  in  order  to  ascertain  the  be?t 
methods  of  handling  and  treating  mine  timbers.  In  this  work  we  have  the 
conditions  which  enable  us  to  get  very  quick  results.  INIany  of  the  mines 
in  which  large  quantities  of  timber  are  used  are  regular  rotting  pits  where 
large  timbers  13  inches  in  diameter  are  destroyed  by  the  action  of  de- 
cay in  eight  or  ten  months.  It  is  possible  in  this  work  to  determine  the 
value  of  any  method  in  a  very  brief  length  of  time.  We  have  in  this 
work  an  excellent  opportunity  to  determine  the  value  of  seasoning  and 
the  length  of  time  necessary  to  season  the  timber  in  order  to  reduce 
its  moisture  content  to  a  point  where  the  very  best  treatment  may 
be  obtained.  We  are  treating  these  timbers  with  different  preservatives 
to  test  their  value  and  the  amount  which  is  necessary  to  secure  the 
best  results.  We  are  also  testing  the  value  of  the  different  elements  and 
compounds  which  make  up  these  preservatives,  in  order  to  ascertain  the 
best  grade.  We  believe  this  to  be  of  much  importance,  especially  with 
such  oils  as  creosote.  We  believe  the  results  which  we  are  obtaining  from 
this  experiment  will  be  of  very  great  importance  in  the  treatment  of 
timber  used  for  the  different  purposes. 

Allow  me  to  thank  you  for  your  kind  attention. 


REPORT  OF  COMMITTEE  NO.  IX— ON  SIGNS,  FENCES, 
AND  CATTLE-GUARDS. 

To  the  Members  of  the  American  Railtvay  Engineering  and  Maintenance 
of  IVay  Association  : 

Your   Committee   submits   herewith   its   eighth   annual    report. 

On  November  24th  the  Committee  issued  the  following  circular  and 
received  twenty-eight  replies  thereto.  The  following  report  is  based 
upon  these  replies  and  illustrations   are  typical   designs : 

RIGHT-OF-WAY     GATES. 

(i)  What  width  and  height  of  gate  is  required  by  law  in  the  States 
or   Provinces  traversed  by  your   Railway? 

(2)  In  grain  producing  States  or  Provinces,  what  is  the  probability 
of  the  width  of  gate  being  increased? 

(3)  What  do  you  consider  is  the  maximum  width  of  a  single  gate? 

(4)  Send  standard  plan  or  sketch  of  the  gates  now  being  supplied 
on  your  Railway. 

RIGHT-OF-WAY     FENCE     POSTS. 

(i)  What  different  kinds  of  wood  are  you  using  for  fence  posts? 
Give  size  and  average  life  of  each,  with  exceptional  conditions  for 
extreme  cases. 

(2)  Have  you  used  any  iron,  steel,  tile  or  concrete  posts?  Give 
design  and  state  results. 

HIGHWAY    GR-ADE    CROSSINGS. 

(x)  Send  plans  or  descriptions  of  the  crossings  used:  (a)  Paved 
streets;    (b)   unpaved  streets;    (c)   private  road  crossings. 

(2)  What  has  been  your  experience  in  the  use  of  old  rail  laid  on 
the  side  for  flangeways? 

HIGHW^\Y     GRADE     CROSSING     PROTECTION. 

(i)  What  types  of  automatic  crossing  signals  are  you  using?  What 
results? 

(2)     What    types    of   crossing   gate   are   you   using?     What    results? 
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TRACK     SIGNS    AND     POSTS. 

(i)  Are  you  using  metal  track  signs  and  posts?  What  is  the 
comparative  cost  and  economy  between  them  and  wooden  signs? 

GATES   FOR  RIGHT-OF-WAY   FENCES. 

Four  types  of  gates  are  largely  used  on  our  railways,  illustrations 
of   which   are   hereto   appended : 

(i)  Hinged  Wood  Frame  Wire  Gate. 

(2)  Hinged  Tubular  Steel  Wire  Gate. 

(3)  Swing  Board  Gate. 

(4)  Hinged  Board  Gate. 

The  height  in  all  cases  is  4  ft.  6  in.  above  the  ground. 

The  length  of  single  gates  varies  from  12  ft.  to  16  ft.;  16  ft.  is 
considered  the  maximum  length  for  single  gates. 

The  length  of  gates  required  on  different  railways  depends  upon 
local  requirements.  In  wheat  country,  where  modern  harvesting 
machinery  is  used,  the  length  of  gate  required  to  pass  the  largest 
machines  fully  set  up  is  20  ft.  To  provide  a  20  ft.  opening  requires  a 
double  gate.  This  style  of  gate  is  shown  in  Fig.  5.  The  double  gate 
can,  of  course,  be  made  of  either  of  the  first  four  types. 

In  cases  where  gates  are  infrequently  used  the  movable  panel 
arrangement  for  opening  the  fence,  shown  in  Fig.  6,  is  most  economical. 

Several  railways  manufacture  gates  out  of  old  locomotive  boiler 
tubes  and  fence  wire. 

Your  Committee  recommends  the  swing  board  gate  where  traffic  is 
very  light,  the  hinged  board  or  hinged  tubular  wire  gate  at  other  points, 
whichever  is  the  cheaper. 

RIGHT-OF-WAY    FENCE    POSTS. 

Posts  are  usually  made  of  cedar,  chestnut,   locust,  oak,   catalpa,   and 

some  Bois-d'Arc;  the  average  life  is  as   follows: 

Chestnut  and  Oak 9  years 

Locust .10  years 

Catalpa 12  years 

Cedar 15  years 

Bois  d'Arc everlasting 

Some   experiments   are   being   made    with    reinforced    concrete    posts, 

but   as   yet   the    railways   experimenting   are   not    prepared    to    make    any 

(It-finite  recommendations. 
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HIGHWAY   AND    PRIVATE   ROAD    GRADE    CROSSINGS. 

Street  crossings  are  generally  constructed  of  four-inch  plank  laid 
solid. 

Highway  and  private  road  crossings  are  usually  constructed  of  four 
planks,  one  on  each  side  of  each  rail,  and  the  space  between  filled  with 
ballast,  broken  stone  filling  or  screenings  and  ballast,  as  per  Figs.  7,  8, 
9,   10  and   II. 

Flangeways  are  provided  (i)  by  rabbiting  or  beveling  the  plank; 
Figs.  8  and   11. 

(2)  By  an  additional  rail  laid  workwise,  same  as  a  guard  rail,  with 
filler  block  between ;  Fig.  9. 

(3)  By  laying  rail  on  its  side;  Fig.  7. 

The  third  method  is  used  by  practically  all  railways  on  busy  cross- 
ings with  good  results. 

SIGNALS    AND    GATES    AT    HIGHWAY    CROSSINGS. 

For  crossing  with  limited  amount  of  highway  travel  where  some 
form  of  protection  is  demanded,  the  automatic  crossing  alarm  bell  has 
been  generally  adopted,  with  good  results. 

Where  highway  travel  is  great,  railway  crossing  gates  are  generally 
used.  The  type  of  crossing  gates  in  general  favor  is  the  pneumatic  gate. 
The  special  advantage  of  the  pneumatic  gate  over  the  chain  and  wire- 
connected  gate  is  the  reduced  cost  of  maintenance. 

METAL   AND   WOODEN   TRACK   SIGNS. 

The  use  of  purely  metallic  signs,  set  in  concrete,  i<  limited  to  a 
few  roads,  who  believe  in  their  ultimate  economy. 

There  is  a  more  general  use  of  metallic  signs  on  wooden  posts. 

The  great  majority  of  roads,  however,  use  all  wood  posts  and  signs. 

In  designing  metallic  signs,  smaller  dimensions  are  used  than  those 
of  wood,  and  still  their  cost  is  from  double  to  treble  that  of  wood. 
On  account  of  their  small  size  and  excessive  cost  the  Committee  is  not 
ready  to  recommend  them  for  general  use. 
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CONCLUSIONS. 

(i)  Your  Committee  recommends  the  swing  board  gate  where 
traffic  is  very  hght,  the  hinged  board  or  hinged  tubular  wire  gate  at 
other  points,  whichever  is  cheaper. 

Respectfully  submitted, 

W.    D.   Williams,    Chief   Engineer,    Cincinnati    Northern    Railroad,    Van 
Wert,  O.,  Chairman. 

F.    P.    GuTELius,    Assistant    Chief    Engineer,    Canadian    Pacific    Railway, 
Montreal,  Can.,    Vice-Chainnait. 

F.    M.    BiSBEE,    Engineer,    Western    Grand    Division,    Atchison,    Topcka 
&   Santa  Fe   Railway,   La  Junta,   Colo. 

Paul   Hamilton,    Engineer   Maintenance   of    Way,    Cleveland,    Cincinnati, 
Chicago  &   St.   Louis   Railway,   Springfield,   O. 

R.   S.   Parsons,   Assistant   General   Superintendent,   Erie   Railroad,    Cleve- 
land,  O. 

C.   W.    PiFER,   Roadmaster,   Illinois    Central    Railroad,    Clinton,    111. 

J.    A.    Spielmann,    Engineer    Maintenance    of    Way,    Baltimore    it    Ohif^ 
Railroad,   Wheeling.  W.   Va. 

H.   M.    Steele,    Con.    Engineer,    New   York,    N.   Y. 

W.   A.    Wallace,    Division   Engineer,    Chicago,    Indianapolis   &   Louisville 
Railroad,    Chicago,    111. 

H.  F.  White,   Engineer  of  Maintenance,   Chicago.   Rock   Island  &   Pacific 
Railway,    Chicago,    111. 

A.  A.  WiRTH,  Engineer   Maintenance  of  Way,   Pennsylvania  Lines,   Pitts- 
burg,  Pa. 

K.    J.    C.    ZiNCK,    Assistant    Engineer,    Grand     Trunk     Pacific    Railway, 
]\Iontrcal,   Canada. 
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DISCUSSION. 

Mr.  W.  D.  Williams  (Cincinnati  Northern)  : — The  attention  of  the 
members  is  called  to  the  series  of  questions  given  on  page  45  of  Bulletin 
No.  85.  The  following  report  is  Joased  upon  the  replies  received  in  answer 
to  those  questions,  and  the  illustrations  are  typical  designs.  On  page  46, 
under  right-of-way  fence  posts,  is  shown  the  average  life  of  various  kinds 
of  wood  used  for  fence  posts.  On  page  47  the  subjects  of  highway  grade 
crossings,  signals  and  gates  at  highway  crossings,  and  metal  and  wooden 
track  signs  are  taken  up  and  the  practice  and  designs  in  most  general  use 
are   shown. 

The  President : — The  report  is  open  for  discussion. 

Mr.  G.  A.  ^Mountain  (Canadian  Railway  Commission)  : — As  to  grade 
crossings,  I  would  ask  if  the  Committee  has  considered  the  advisability 
of  stating  their  length.  We  sometimes  see  them  at  private  crossings  with 
12-foot  planking  and  a  16-foot  gate.  It  is  unnecessary  to  have  them 
larger,  but  I  would  like  to  ask  if  the  Committee  has  considered  the  ques- 
tion of  length. 

Mr.  Williams  : — The  Committee  has  not  considered  that  feature. 

The  President : — The  Committee  desires  an  expression  on  conclusion 
No.  I.  The  chair  will  entertain  a  motion  to  adopt  the  conclusion.  If 
there  is  no  objection,  the  conclusion  will  stand  as  approved. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — The 
Committee  has  brought  in  no  conclusion,  but  there  is  one  sentence  in  the 
report  to  which  I  would  call  attention.  The  Committee  states,  "For 
crossings  with  limited  amount  of  highway  travel  the  automatic  crossing 
alarm  bell  has  been  generally  adopted  where  some  form  of  protection  is 
demanded,  with  good  results."  I  think  that  some  expression  of  the 
experiences  of  the  members  on  that  point  would  be  very  interesting  and 
instructive,  if  we  have  time  to  go  into  it.  I  know  the  results  of  using 
some  of  these  automatic  crossing  alarm  bells  have  been  very  disastrous. 
Wherever  by  accident  or  the  mischief  of  some  small  boy  the  circuit  has 
been  interfered  with  and  the  alarm  bell  continues  to  ring,  the  public 
grows  careless  and  disregards  the  bell,  and,  in  case  of  accident,  is  re- 
lieved   from   any    contributory   negligence   whatever. 

J\Ir.  A.  W.  Johnston  (New  York,  Chicago  &  St.  Louis)  :— I  think  that 
depends  somewhat  on  the  type  of  bell  and  form  of  construction.  I  had 
that  same  difficulty  with  one  type  of  bell  alarm,  and  another  type  gave 
better  satisfaction. 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — The  Committee  has  offered  a 
conclusion   in  regard  to   fence  gates.     I   do   not  know   whether  the  appeal 

532 


DISCUSSION    ON   FENCES   AND   CATTLE-GUARDS.        53:i 

of  the  chairman  for  a  motion  on  the  subject,  to  whicii  no  response  was 
made,  indicated  that  the  members  did  not  care  to  vote  on  the  same,  but 
in  order  to  bring  the  matter  up,  I  move  that  conclusion  No.  i  be  adopted 
as  reported  by  the  Committee. 

(The   motion   was   carried.) 

The    President : — The    Committee    will    be    relieved    with    our    thanks. 


REPORT  OF  CO^miTTEE  NO.  V— ON  TRACK. 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association : 

Your  Committee  on  Track  lias  endeavored  to  complj'  with  the  in- 
structions given  by  the  Board  of  Direction,  and  presents  herewith  its 
annual  report : 

(l)  Under  paragraph  No.  i  of  the  instructions,  your  Committee 
recommends  in  general  switch  points  lo  ft.  long  for  No.  4,  5,  and  6  turn- 
outs and  switch  points  16H  ft.  long  for  No.  7,  8,  9,  10,  11  and  12  turn- 
outs. For  turnouts  greater  than  No.  12,  special  points  to  suit  the  condi- 
tions are  recommended. 

Split  switches  and  bolted  spring  rail  frogs  are  recommended  as  best 
for  main  track  use; 

SwiTCHST.XNDS :  For  class  "A"  railroads,  where  speed  exceeds  30 
miles  per  hour,  main  track  turnouts  should  be  equipped  with  semaphore 
type  of  switchstands  with  distant  signal,  reinforced  switch  points,  facing 
point  lock,  reinforced  spring  rail  frog,  and  upon  such  sidings  where 
cars  are  allowed  to  stand  and  upon  passing  sidings  with  a  derail  to  oper- 
ate any  connection  with  main  track  switchstand. 

The  type  of  switchstand  for  facing  point  switches  is  recommended 
as  shown  in  Fig.  i.  This  stand  is  intended  to  correspond  with  the  prac- 
tice of  interlocking  signals ;  upper  arm  governing  main  track  routes  and 
lower  arm  governing  sidetrack  routes,  and  is  for  switches  where  inter- 
lock has  not  been  established.  At  points  where  the  speed  of  trains  is 
greater  than  45  miles  per  hour,  your  Committee  thinks  it  impracticable 
lo  operate  wire-connected  or  pipe-connected  distant  signals,  and  would 
prefer  at  such  points   distant  signals  of  the   electric   type. 

Main  track  switchstands  should  have  the  following  parallel  throw : 
There  should  be  two  levers,  one  to  operate  the  facing  point  lock*  and 
the  second  to  operate  the  switch.  These  two  levers  to  be  so  arranged 
that  it  will  be  impossible  to  get  clear  signal  for  the  main  track  unless 
the  switch  is  locked  for  the  main  track. 

For  yards  and  inner  switches,  switchstands  having  adjacent  parallel 
throw    with   a   double   banner    are    recommended. 

Switch  Points:     Switch  points  should  be  made  of  open-hearth  steel; 
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details,  reinforced  bars,  switch  plates,  elevation  of  switch  point  above 
stock  rail,  lugs,  bolts,  tie  bars  and  facing  point  lock  rod  as  shown  on 
drawing.  Facing  point  lock  rod  may  be  varied  to  conform  to  interlock- 
ing standards  recommended  by  the  Committee  on  Signaling  and  Inter- 
locking. 

Frogs  :  The  bolted  type  of  frog  is  recommended.  The  lengths  of 
all  frogs  No.  8  to  and  including  No.  lo  should  be  15  ft.  Frogs  of  other 
numbers  should  have  a  length  to  suit  conditions.  Your  Committee 
recommends  in  general  frogs  to  be  made  of  open-hearth  steel  conforming 
to  standard  specifications  for  that  article,  and  believes  that  frogs  for 
yard    service   made    of   manganese    steel    to   be    the    most    economical. 

Your  Committee  submits  a  drawing  for  No.  10  spring  rail  frog  for 
main  tragk  service.  The  three  center  plates  are  extended  so  as  to  con- 
form to  gage  plates,  in  order  to  secure  accurate  gage  for  guard  rails  at 
the  point  of  frog.  A  2-in.  flangeway  is  recommended.  Fillers  should 
Le  made  of  rolling  steel,  fit  snug  in  rail,  solid  and  continuous.  Bolts 
to  be  made  of  fine  BB  iron,  round  and  true  to  size,  U.  S.  standard  heads 
and  threads,  threads  should  be  accurately  cut  raid  ends  have  wrench- 
tight  fit.  All  bolts  should  have  cotter  pins  just  outside  of  nut,  size 
of  bolts  as  shown  on  drawing.  Bolt  holes  to  be  drilled ;  drilling  to  be 
accurately  done  and  holes  be  made  1-16  in.  less  in  diameter  than  bolts  to 
be  used ;  parts  should  be  assembled  and  holes  reamed,  in  order  to  be 
straight  through  and  of  such  size  as  to  give  bolt  driving  fit;  foot  guards 
as  shown  on  drawing.     The  bottom  plates  should  be  made  of  rolled  steel. 

Guard  Rails:  Guard  rails  11  in.  long,  with  beveled  end  bolted  to 
main  track  rail  with  filler  blocks  and  foot  guards  arc  recommended,  with 
flangeway  of  2  in.  between  main  track  rail  and  guard  rail.  Drawing  of 
guard  rail  is  shown  on  plan  of  frog. 

(2)  Glazed  sewer  pipe  with  bell  end  is  recommended  for  drainage 
in  wet  cuts.  The  pipe  should  be  laid  without  cemented  joints,  be  covered 
with   hay  or   straw   and  cinders,   and   laid   beluw   the   frost   line. 

Your  Committee  believes  that  slides  are  best  cured  by  the  use  of 
French  or  pillared  drains.  This  subject  is  fully  treated  in  a  paper  en- 
titled, "The  Clay  Slide  at  Boone  Viaduct,"  by  Air.  A.  W.  Merrick,  pub- 
lished in  the  '"Journal  of  the  Western  Society  of  Engineers,"  June,  1906. 

(3)  After  careful  consideration,  your  Committee  can  find  no  reasons 
for  changing  the  recommendation  for  drilling  of  rails. 

(4)  Your  Committee  appointed  a  sub-committee  to  confer  with  the 
American  Railway  Master  Mechanics'  Association  on  the  subject  of 
widening  the  gage  on  curves  as  affected  by  the  different  lengths  of  engine 
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wheel  base  and  arrangement  of  Hanged  wheels.  A  meeting  was  liekl  at 
the  office  of  the  Association,  two  members  of  the  American  Mechanics 
Association  and  two  members  of  the  Track  Committee  being  present. 
The  matter  assigned  the  Committee  was  taken  up  and  discussed  in  detail 
and  the  plans  for  a  future  meeting  of  the  Committee  were  perfected. 

(5)  We  have  not  had  a  conference  with  the  Committee  on  Ties 
during  the  year. 

(6)  Two  meetings  of  the  Ballast  Committee  relative  to  ballast 
cross-sections  have  been  held.  The  recommendation  of  the  ballast  cross- 
section  will  show  the  opinion  of  the  majority  of  those  present  at  the 
meeting. 

CON'CLUSIOXS. 

(i)  Your  Committee  submits  for  adoption  the  recommendations 
given  under  paragraph  No.  i,  regarding  turnouts  and  turnout  material, 
including  the  best  types  of  switchstands,  switch  points,  frogs,  guard  rails 
and  throat  clearance. 

(2)  The  recommendations  given  under  paragraph  No.  2,  in  regard 
to  tiling  of  wet  cuts  and  the  curing  of  slides,  are  submitted  for  adoption. 

Respectfully    submitted, 

L.  S.  Rose,  Engineer  Maintenance  of  Way,  Cleveland,  Cincmnati,  Chi- 
cago &  St.  Louis  Railway,  M'attoon,  111.,  Chairman. 

T.  H.  HiCKEY,  Roadmaster,  Michigan  Central  Railroad,  St.  Thomas, 
Ont.,  Vice-Chairman. 

Wm.  Ashton,  Chief  Engineer,  Oregon  Short  Line,   Salt  Lake,   Utah. 

A.  F.   BlaesSj   Roadmaster,   Illinois   Central   Railroad,   Louisville,   Ky. 

A.   L.  Davis,  Eng.   Dept.,   Illinois    Central   Railroad,   Chicago,   111. 

Garrett  Davis,  Superintendent,  Chicago,  Rock  Island  &  Pacific  Rail- 
way, Cedar  Rapids,  Iowa. 

A.  S.  Kent,  Division,  Engineer,  Chicago,  Indianapolis  &  Louisville  Rail- 
road, Chicago,  111. 

C.  E.  Knickerbocker,  Engineer  Maintenance  of  Way.  New  York.  On- 
tario &  Western  Railroad,  Middletown,  N.  Y. 

F.  S.  Neff,  Professor  Civil  Engineering,  Case  School,  Cleveland,  O. 

L.  P.  RossiTER,  Division  Engineer,  Baltimore  &  Ohio  Railroad,  Pitts- 
burg, Pa. 

John  C.  Sesser,  Eng.  M.  of  Way,  C,  B.  &  Q.  Railway.  St.  Louis.  Mo. 

F.  A.  Smith,  Civil  Engineer,  Chicago,  111. 

R.  A.  Van  Hoi'TEX,  Division   Engineer,  Erie   Railroad,   Susquehanna,   Pa 

Committee. 
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A— DRAINAGE    OF    SOFT     SPOTS    IX    OLD    ROADBED. 
By   W  .    M.    D.wvLEV.    Division    Engineer.   Erie    Railroad. 

Soft  spots  maj'  be  divided  into  five  classes,  according  to  their  origin, 
as  enumerated  below : 

(i)  Small  irregularities  of  surface  of  subgrade,  where  character  of 
soil  is  such  that  it  will  hold  water. 

(2)  Building  new  shoulder  of  clay,  cementing  furnace  slag  or  other 
impervious  material,  impounding  surface  water,  which  will  follow  the 
grade  until  it  meets  some  obstruction,  as  a  bridge  abutment  or  culvert 
arch  or  a  low  point  in  sag  of  grade  line. 

(3)  The  settlement  of  new  track  in  wet  cuts  or  on  new  clay  fills 
during  the  soft  thawing'  weather  following  the  first  winter's  use,  form- 
ing a  trough  in  the  subgrade,  along  which  the  seepage  water  from  wet 
cuts  and  the  rainfall  which  penetrates  the  ballast  will  run  until  meeting 
an  obstruction. 

(4)  The  construction  of  new  second  track  or  siding  by  filling  the 
old  ditch  with  porous  material,  leaving  a  pocket  to  collect  and  retain 
surface  water,  which  will  soften  up  the  roadbed  on  both  sides. 

(5)  "Sink  holes"  occurring  where  an  embankment  has  been  built 
across  a  swamp  and  settlement  occurs  without  lateral  deformation  of 
the   embankment. 

Class  (i) — A  small  irregularity  of  surface  of  subgrade  will  permit 
the  formation  of  a  pool  of  water  a  few  feet  in  diameter  and  an  inch  or 
two  in  depth  during  a  rain  shower,  visible  in  the  subgrade  before  ballast 
is  applied,  but  lost  to  sight  and  memory  when  track  is  laid  and  ballasted. 
If  the  soil  is  of  such  consistency  that  it  will  not  readily  absorb  this  water 
and  the  ballast  protecting  it  from  the  direct  rays  of  the  sun  and  preventing 
evaporation,  it  will  lie  in  the  pool  a  long  time  softening  up  a  few  inches 
of  the  subgrade,  which,  under  the  pressure  of  traffic  will  move  lateralh', 
causing  a  settlement  of  the  ballast  and  track  and  increasing  the  depth 
and  capacity  of  the  pool. 

The  section  foreman  surfaces  the  track,  and  in  a  few  days  or  weeks, 
depending  on  the  amount  of  water  available  and  time  required  to  soften 
up  enough  of  the  subgrade  to  permit  lateral  movement,  the  process  is 
repeated.  When  the  ballast  between  the  ties  has  been  used  up  the 
upervisor  is  appealed  to  and  locomotive  ashes  being  the  most  highly 
recommended  material  for  use  in  soft  spots,  he  orders  a  liberal  supply, 
and  these  are  used  in  future  to  surface  the  track. 

The  plastic  clay  forced  from  under  the  track  by  the  pressure  of  traffic 
has  b>   this  time  begun  to  heave  up  the  bottom  of  the  ditch  and  obstruct 
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the  surface  drainage.  This  is  dug  up  and  trucked  out  or  thrown  up  on 
the  bank  and  the  bottom  of  the  ditch  reduced  to  its  original  grade  line. 
Should  this  soft  spot  or  several  similar  ones  occur  in  a  cut  and  the 
maintenance  of  line  and  surface  become  burdensome,  relief  will  be  sought 
in  drain  tile.  The  size  of  tile  is  often  determined  by  the  number  of 
failures  of  small  tile  with  which  the  Division  Engineer  is  acquainted  and 
is  usually  made  6  or  8  inches ;  the  depth,  after  consulting  various  authori- 
ties, is  fixed  at  2^/^  feet  below  the  bottom  of  the  tile,  and,  if  possible,  the 
service  of  a  farmer,  skilled  in  the  art,  is  secured  to  lay  the  tile.  No 
effort  is  made  to  connect  the  pool  of  water  under  the  track  with  the  drain 
tile,  it  being  assumed  that  the  water  will  penetrate  the  intervening  clay. 
If  the  spot  is  of  long  standing  under  heavy  traffic  the  bottom  of  the  pool 
has  been  forced  down  to  a  greater  depth  than  the  tile  and  the  clay  in 
which  the  tile  is  laid  is  soft  enough  to  move  horizontally  and  vertically 
under  the  pressure  of  the  clay  forced  from  under  the  track.  In  the 
course  of  a  few  weeks  or  months,  according  to  season  and  traffic,  there 
has  been  sufficient  movement  at  the  softest  points  to  separate  the  joints 
of  the  tile  and  allow  the  plastic  clay  to  be  forced  into  the  tile,  com- 
pletely closing  it.  The  vertical  movement  of  the  clay  will  eventually 
raise  the  tile  until  it  is  brought  to  the  level  of  the  bottom  of  the  surface 
ditch  and  another  failure  of  tile  drainage  will  be  recorded  and  the  tile 
will  be  relaid,  covering  it  with  cinder,  stone  or  straw  to  prevent  the  clay 
entering  the  pipe.  This  tile  will  remain  open  longer  than  its  predecessor, 
but  the  movement  of  the  clay  will,  in  time,  destroy  the  line  and  grade 
and  render  it  useless  also. 

Class  (2) — The  building  of  a  new  shoulder  on  a  fill  almost  in- 
variably produces  a  soft  spot  at  the  lowest  point  of  the  sag  in  grade  line 
of  the  original  subgrade,  causing  a  large  wart  or  protuberance  to  form  on 
the  side  of  the  embankment.  The  low  point,  or  sag,  in  grade  line  usually 
occurs  near  the  lowest  point  of  the  original  surface  where  the  ground  is 
possibly  swampy,  the  soft  spot  is  attributed  to  the  failure  of  the  original 
surface  to  support  the  roadbed,  although  it  may  have  performed  this 
function  without  failure  for  years. 

To  improve  the  grade  and  remove  part  of  the  sag,  ballast  is  laid  on 
deeper  in  the  sag,  and  after  several  reballastings  the  slope  of  ballast  has 
reached  the  top  edge  of  the  original  embankment,  and  the  top  of  ballast 
slope  begins  at  the  end  of  the  tie  and  it  is  impossible  to  apply  more 
ballast;  hence  the  necessity  for  building  a  new  shoulder.  This  is  done 
by  throwing  up  the  soil  from  borrow  pits  along  the  embankment  if  this 
is  not  too  high,  or  by  cleaning  out  or  deepening  the  cut,  depositing  the 
clay  on  the  side  of  the  embankment  and  ballast  and  forming  the  new 
shoulder  a  few  inches  below  the  bottom  of  the  tie.  Rainfall  and  seepage 
water  from  wet  cuts  will  penetrate  the  ballast  to  the  original  subgrade, 
and,  finding  no  lateral  outlet,  will  follow  the  subgrade  to  the  lowest  point 
and  there  stand  until  it  softens  up  the  embankment  sufficiently  to  cause  a 
lateral  movement  under  traffic  or  possibly  to  cause  a  part  or  even  the 
whole  embankment  to  be  reduced  to  the  consistency  of  mush,  when  it  will 
slough   out  dropping  vertically  from  the  ends  of  tlic  ties  and   spreading 
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out  over  the  adjoining  surface.  If  the  quantity  of  water  is  small  and  the 
material  of  the  embankment  tenacious  the  settlement  and  lateral  move- 
ment will  be  slower  and  the  result  will  be  a  bulge  or  protuberance  on  the 
side  of  the  embankment.  Should  there  be  a  bridge  or  open  culvert  to 
obstruct  the  flow  of  water  on  the  subgrade,  the  masonry  will  be  con- 
stantly saturated  and  the  disintegrating  action  of  frost,  will  be  greatly 
augmented.  If  the  fill  behind  the  abutment  is  of  clay,  the  hydrostatic 
pressure  under  traffic  will  cause  the  abutment  to  bulge  out,  requiring  the 
rebuilding  of  the  masonry,  the  cause  being  usually  attributed  to  poor 
foundation. 

If  the  opening  is  covered  by  an  arch  the  masonry  will  be  subject 
to  disintegration  due  to  the  action  of  the  frost  on  the  saturated  masonry, 
and  if  the  crown  of  the  arch  is  near  the  bottom  of  the  ties  there  will  be 
severe  heaving  of  track  in  extremely  cold  weather. 

Class  (3) — Settlement  of  track,  including  ballast  into  the  subgrade  in 
wet  cuts  and  on  clay  embankments  during  wet  weather  or  spring  thaw, 
will  form  a  trough  which  will  carry  rainfall  and  seepage  water  from 
cuts  slowly  along  the  depressed  subgrade  until  it  meets  an  obstruction 
where  it  will  soften  up  the  embankment  and  cause  constant  settlement 
of  the  track.  Quite  frequently  these  soft  spots  develop  just  at  or  near 
the  lower  end  of  the  cuts,  there  being  a  difference  in  the  amount  of 
settlement,  the  subgrade  being  depressed  more  in  the  cut  than  on  the  fill ; 
this  resulting  in  an  off-set  forms  a  dam  impounding  the  water  which 
softens  up  the  clay,  causing  its  lateral  movement  from  under  the  track 
and   consequent   settlement   of   track. 

The  track  is  usually  resurfaced  and  occasionally  the  ballast,  which 
has  been  churned  full  of  mud,  is  dug  out  and  replaced  with  locomotive 
cinder.  Where  these  spots  are  of  long  standing  it  is  a  common  thing 
to  see  the  ends  of  pieces  of  board  sticking  out  from  the  shoulder  of  the 
ballast  as  illustrated,  these  having  been  used  under  the  ties  to  surface 
the  track  in  the  winter  when  the  ballast  is  frozen  and  being  carried  down 
and  outward  by  the  movement  of  the  ballast  and  subgrade. 

Class  (4) — The  construction  of  new  second  track  or  siding  and  the 
filling  of  the  old  ditch  with  ballast  will  obstruct  the  flow  of  water  in  the 
ditch,  retaining  it  long  enough  to  allow  it  to  soften  up  the  subgrade, 
causing  settlement  of  track,  or  in  case  of  rock  cuts  causing  track  to 
churn  and  pump  the  water  up  to  the  top  of  the  ties  after  a  spell  of  wet 
weather.  A  case  of  this  kind  is  illustrated  in  Fig.  4,  showing  cross- 
section  of  tracks  at  Phalanx,  Ohio,  where  the  subgrade  is  a  shaly  soap- 
stone.  For  a  distance  hi  2,000  feet  it  was  impossible  to  maintain  surface 
on  the  westbound  track  on  account  of  the  water  from  the  old  ditch  over- 
flowing the  subgrade  of  the  new  track.  About  five  years  ago  this  track 
was  dug  out  and  18  inches  of  hard  furnace  slag  ballast  put  under  the 
ties,  which  simply  increased  the  storage  capacity  for  water  and  was  of  no 
benefit  to   the   track. 

The  construction  of  an  additional  main  or  side  track  on  an  embank- 
ment, at  the  same  time  raising  the  subgrade,  produced  the   result  shown 
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in  the  Fig.  4A.  The  impounded  water  from  the  two  adjoining  wet  rock 
cuts  and  from  rainfall  softened  the  old  fill  so  that  it  had  about  the 
consistency  of  mush,  a  portion  of  it  sliding  into  the  adjoining  field. 

Class  (5) — "Sink  Holes." — The  absence  of  lateral  deformation  of  the 
embankment  distinguishes  this  from  the  preceding  classes.  The  settle- 
ment will  continue  until  the  bottom  of  the  embankment  reaches  a  depth 
below  the  surface  of  the  swamp  where  the  weight  of  the  material  of  the 
swamp  between  the  surface  and  the  plane  of  the  bottom  of  the  depressed 
embankment  is  sufficient  to  balance  the  horizontal  force  of  the  material 
which  is  being  forced  out  from  under  the  embankment.  This  depth  will  varj-, 
increasing  as  the  material  of  the  swamp  approaches  the  "perfect  fluid" 
state. 

In  the  case  of  the  Tamarack  Swamp  "sink  hole,"  east  of  Sharpsville, 
Pa.,  on  the  Erie  Railroad,  this  state  of  equilibrium  was  obtained  when  the 
bottom  of  the  fill  had  penetrated  the  swamp  from  30  to  40  feet.  The 
depth  of  the  swamp  in  this  case  exceeds  100  feet,  spliced  piles  of  that 
length  being  driven  without  finding  stable  bottom.  The  material  dis- 
placed by  the  embankment  moved  outward  and  upward  raising  the  sur- 
face of  the  swamp  into  ridges  and  causing  large  trees  to  lean  or  over- 
turn as  far  as  200  feet  away  from  the  embankment.  The  top  of  the  fill 
is  about   15  feet  above  the  surface  of  the  swamp. 

REMEDY. 

The  settlement  of  the  track  under  traffic  is,  in  all  cases,  due  to  the 
horizontal  displacement  of  the  supporting  soil  either  in  the  embankment 
or  in  the  original  surface  under  the  embankment  (excepting,  of  course, 
the  natural  settlement  of  new  fills  due  to  the  compacting  of  the  material). 
The  amount  of  horizontal  movement  under  a  given  traffic  will  depend  on 
the  relative  fluidity  of  the  soil.  Since  the  fluidity  of  the  soil  depends,  for 
the  pressure  considered,  almost  entirely  upon  the  amount  of  water  con- 
tained, it  is  apparent  that  a  reduction  of  the  water  contained  will  reduce 
the  rate  of  movement,  and  an  entire  elimination  of  the  water  will  stop 
the  movement.  Naturahy,  Uien,  the  proper  remedy  ior  the  .elniiinjilipn 
of  soft  spots_  is  complete  and  thorough  drainage  of  a  permanent  char- 
acter. For  soft  spots  of  the  first  class,  drain  tile  should  be  laid  in  the 
ditch  and  at  short  intervals  across  the  track,  the  depth  being  first  de- 
termined by  cutting  trcr.ches  across  the  track  at  all  of  the  worst  spots 
and  continuing  the  excavation  down  through  the  ballast  and  the  under- 
lying clay  until  a  point  is  reached  a  foot  or  two  down  in  the  clay  below 
the  bottom  of  the  ballast  where  the  clay  is  firm  endugh  not  to  move  under 
the  pressure  of  traffic.  The  main  tile  in  the  ditch  should  be  laid  about 
12  inches  deeper  than  the  deepest  test  trench;  3  or  4  inches  of  locomotive 
cinders  being  put  in  the  bottom  of  all  trenches  before  the  tile  is  laid 
and  the  entire  trench  filled  with  locomotive  cinders  up  to  the  level  of 
the  subgrade. 

Locomotive    cinders    should    be    used   because    the    clay   will    not    mix 
with    them    as    it    does    with    broken    stone,    gravel    or    furnace    slag,    this 
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being  demonstrated  in  cutting  the  inspection  trenches  across  the  track 
where  the  original  ballast  had  been  locomotive  cinders.  In  such  cases 
there  was  a  well-defined  line  between  the  cinders  and  the  clay,  the  clay 
penetrating  the  cinders  not  more  than  an  inch  or  two  after  50  years 
of  service;  while  coarse  furnace  slag  and  clay  were  mixed  for  a  depth 
of  two  feet  or  more.  Cross  trenches  should  be  dug  and  tile  laid  from 
the  main  tile,^  across  the  track  at  the  middle  of  all  soft  spots  and  in 
wet  cuts,  at  intervals  of  50  feet  or  less,  the  location  of  each  cross  drain 
being  marked  by  planting  a  piece  of  tile  on  end  in  the  side  of  the  bank. 
The  longitudinal  trough  or  depression  under  the  track  not  having  a  uni- 
form grade,  it  may  be  necessary  to  put  in  an  intermediate  cross  drain 
should  a  soft  spot  develop  between  those  already  put  in. 

The  accompanying  illustration.  Fig.  i,  shows  the  conditions  found 
in  and  remedy  applied  to  a  very  bad  case  at  Hiram,  Ohio.  The  wet 
cut  is  2,000  feet  long  and  contains  numerous  soft  spots  which  required 
surfacing  from  two  to  three  times  a  week.  During  the  winter  when  the 
roadbed  was  frozen,  it  was  necessary  to  restrict  the  speed  of  trains  on 
this  curve.  This  point  is  at  the  extreme  outlying  end  of  a  five-mile  sec- 
tion and  was  expensive  to  keep  up  and  there  was  the  constant  fear  that 
the  section  foreman  might  neglect  to  keep  the  track  in  good  surface  or 
that  some  engineer  might  disregard  a  slow  order  and  cause  an  accident. 
A  heavy  increase  in  traffic  also  increased  the  difficulty  of  keeping  safe 
track,  and  it  was  decided  to  make  a  third  attempt  at  tile  drainage. 
Cross-section  trenches  were  cut  at  the  softest  spots,  which  revealed  the 
fact  that  the  ballast  under  the  original  main  tracks,  built  in  1853  (now 
westbound)  had  been  depressed  until  there  was  from  44  to  48  inches 
under  base  of  rail,  and  that  under  the  eastbound  main  built  in  1887,  had 
been  depressed  to  a  depth  of  from  48  to  52  inches  below  the  base  of  rail. 
The  plastic  or  fluid  clay  underlying  the  ballast  varied  in  depth  from 
10  to  12  inches,  below  which  it  was  apparently  firm  enough  to  resist 
lateral  movement. 

The  track  being  on  a  4  per  cent,  grade,  the  main  tile  8  inches  in 
diameter  was  laid  at  a  uniform  depth  of  74  inches  below  base  of  rail. 
The  cross  trenches  were  dug  every  50  feet,  as  narrow  as  possible,  ex- 
treme care  being  taken  to  have  the  bottom  of  the  trenches  on  a  uniform 
grade  line.  A  layer  of  locomotive  cinders  about  4  inches  thick  was 
carefully  placed  in  the  bottom  of  the  trench  and  the  drain  tile  laid  on 
this,  care  being  taken  to  see  that  the  tile  was  at  no  point  less  than 
4  inches  from  the  clay  sides  of  the  trench ;  the  entire  trench  on  both 
main  tile  and  cross  drains  was  then  filled  with  locomotive  cinders  and 
the  ballast  restored  over  the  cross  trenches.  The  main  tile  was  laid  from 
the  outlet  up  to  the  point  of  the  first  cross  trench,  then  the  cross  drain 
was  put  in.  When  the  excavation  for  the  cross  drain  reached  the  pocket 
or  trough  under  the  track,  it  tapped  a  body  of  water,  which  filled  the 
8-inch  tile  two-thirds  full  and  required  half  an  hour  or  more  to  drain  it. 
This  was  repeated  at  each  cross  drain,  the  quantity  of  water  being  almost 
the  same  in  every  case. 
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After  surfacing  the  track  several  times  over  the  cross  trenches,  no 
further  attention  was  required  for  thirty  days,  when  two  soft  spots  de- 
veloped, one  at  a  point  where  a  cross  drain  had  been  put  in  and  another 
between  two  cross  drains.  The  first  was  dug  up,  and  it  was  found  that 
the  layer  of  cinders  under  the  tile  had  been  omitted  and  that  the  tile 
had  been  laid  on  top  of  the  plastic  clay.  This  clay  had  been  forced  into 
the  tile  and  completely  filled  it  for  a  length  of  5  feet,  there  also  being 
sufficient  horizontal  movement  to  separate  the  tile  12  inches  at  a  point 
under  the  low  rail.  The  cross  trench  was  deepened  by  removing  the 
layer  of  plastic  clay,  the  4-inch  bed  of  cinders  put  in  and  the  trench 
refilled.  In  the  other  case  an  intermediate  cross  trench  was  dug  tapping 
a  pocket  of  water,  which  the  first  cross-section  had  failed  to  drain ;  a 
cross  drain  was  laid,  and  for  the  past  two  years  no  further  trouble  has 
been  experienced  with  this  cut.  Since  the  drain  tile  is  laid  below  the 
clay  which  is  saturated  with  water  and  in  constant  motion,  and  the 
trench  of  cinders  intercepts  all  seepage  water  from  the  adjoining  hillside, 
the  cross  drains  rapidly  removing  all  rainfall,  the  roadbed  will  soon  be 
dried  out  so  as  to  avoid  all  lateral  movement  and  consequent  settlement 
of  track. 

Soft  spots  in  either  Class  2,  3  or  4  can  be  cured  by  the  construction 
of  cross  drains,  as  outlined  above,  at  intervals  of  from  30  to  250  feet 
up  the  grade  from  the  soft  spot,  constructing  a  drain  parallel  with  the 
track  where  necessary  to  secure  an  outlet  from  the  cross  drains. 

The  maintenance  of  stable  track  over  sink  holes  is  one  of  the  most 
difficult  problems  we  have  to  contend  with.  If  the  ground  water  level 
can  be  lowered  the  dried  out  surface  of  the  swamp  will  offer  a  much 
greater  resistance  to  the  upward  movement  of  the  underlying  fluid  mass, 
and  this  will  in  turn  resist  the  horizontal  movement  from  under  the 
embankment.  This  will  reduce  the  penetration  necessary  to  secure 
equilibrium.  The  saving  in  cost  of  filling  will  often  justify  the  laying 
of  a  line  of  large  drain  tile  miles  in  length,  if  necessary,  to  secure  an 
outlet. 

CONCLUSION. 

The  elimination  of  soft  spots  is  of  prime  importance  in  securing  that 
degree  of  perfection  in  surface  and  line  of  track  necessary  for  safety 
under  present  high  speeds  and  heavy  wheel  loads.  The  daily  amount  of 
settlement  of  track  at  any  soft  spot  depends  on  the  character,  and  degree 
of  saturation  of  the  material  supporting  the  track,  and  the  intensity  and 
frequency  of  the  wheel  load. 

The  character  of  the  material  being  constant,  and  the  degree  of 
saturation  approximately  so  for  days  or  weeks,  a  doubling  of  the  traffic 
will  about  double  the  amount  of  settlement  in  a  given  time,  and  an 
abnormal  increase,  such  as  the  handling  of  a  cargo  of  iron  ore  over  a 
branch  line  in  twelve  hours,  being  the  equivalent  of  four  or  five  days 
ordinary  traffic,  will  cause  four  or  five  times  the  daily  settlement,  which 
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might  be  sufficient  to  cause  the  derailment  of  a  fast  train.  At  one  very  bad 
soft  spot  careful  measurements  have  shown  a  depression  of  one-half  inch 
per  day  and  corresponding  movement  out  of  line. 

The  large  increase  in  modern  wheel  loads  and  traffic  will  develop 
soft  spots  at  points  which  have  heretofore  supported  the  lighter  wheel- 
loads  and  traffic.  These  new  spots,  as  well  as  the  old  ones,  should  be 
thoroughly  drained  as  promptly  as  possible,  since  each  inch  of  settlement 
adds  to  the  depth  of  the  trench  necessary  to  secure  permanent  drainage 
and  materially  increases  the  cost  of  the  work.  In  cuts  w-here  there  is 
seepage  water  on  both  sides,  tile,  should  be  laid  on  both  sides  of  the 
track  with  the  necessary  cross  drains.  The  cinder  filled  trenches  will 
intercept  the  seepage  water  and  prevent  it  from  reaching  the  roadbed 
and  the  cross  drains  will  remove  the  surface  water  and  rainfall  before  it 
has  time  to  soften  up  the  subgrade,  thus  affording  a  dry  and  stable  road- 
bed that  will  support  the  heaviest  traffic  with  a  minimum  amount  of 
section   labor. 

A  large  proportion  of  the  section  labor  on  many  railroads  is  ex- 
pended in  maintaining  surface  and  line  of  tracks  over  soft  spots  of 
varying  magnitude,  the  elimination  of  which  will  greatly  reduce  the  cost 
of  maintenance.  A  thorough  inspection,  including  the  digging  of  cross 
trenches  to  firm  soil  under  the  track,  should  be  made  in  each  case,  the 
origin  of  the  water  determined,  and  the  necessary  remedy  applied. 

The  location  of  all  cross  drains  should  be  permanently  marked  on 
the  ground  and  the  ends  of  longitudinal  drains  well  protected  from  frost, 
and  so  located  that  the  outlet  will  not  require  any  attention  to  keep  it 
free  and  open.  A  complete  record  of  drains  should  also  be  kept  in  the 
division  office. 


548 


/ 

» 

/ 

■r 

Ul 

0 

"O 
0 

■>o 
0 

!2 

0 

cv 

"10 

c\J 
'0 

<*) 
0 

If) 

/ 

/ 

'^ 

/ 

/ 

(^ 

/ 

/ 

^'  A^ 

•/ 

/. 

Vv 

/ 

«=* 

^  / 

(> 

/ 

/■■ 

V 

;v>^ 

I 

10 

h^ 

^ 

3 

. 

?^ 

t 

^m 

■i'k 

S 

%■ 

^-■^^ 

^  '1 

J 

?; 

^ 

^;.v1 

?:J?'-- 

\' 

<X) 

tS;# 

?i?'.- 

K 

'J 

ri 

^ 

>■ 

l^-v'".pl/ 

W 

r^ 

w;.-;j^<v 

>i 

0 

o 

f?^'--*^ 

•^ 

f 

f^f 

Y^^'^''^ 

/ 

k 

1 

s  ^^x?"- 

.\ 

^ 

<; 

T 

k^ 

f^ 

^S1 

Nl 

^ 

< 

.'J 

^  K 

0 

<0 

y 

h 

VtAv ! 

\, 

>i 

W 

f 

i 

\ 

^ 

Q 

P,    m     1 

VC^->\j 

\ 

5 

V) 

PQ 

2; 

?! 

^-•% 

\ 

k 

h 

w^^ 

4 

AN, 

^ 

0 

y 

\ 

\ 

f- 

'W''^  ^ 

\ 

i\ 

?<  ^^•--•y'y 

\*^\ 

mvivf 

\^ 

\ 

■V\:-  '■ 

/ 

v^ 

j\ 

< 

% 

\ 

.^\ 

0 

' 

\ 

\^: 

r*" 

— 

\ 

\\ 

k\  \ 

/ 

\, 

•^ 

-;:: 

> 

\ 

"^V 

^ 

v 

^ 

^. 

\,o\ 

H 

o 

a 

V-^^ 

\ 

^ 

\, 

Si 

f^!r 

/ 

Y. 

^ 

\ 

\ 

CO 

!0  l» 

(A 

\ 

A^ 

A 

> 

V 

\ 

1 

Oft 

\ 

"'VCxT 

\ 

0 

>. 

•>! 

. 

\ 

> 

5^ 

zl 

^ 

\ 

\ 

^•^ 

^.^ 

K 

\ 

^ 

\ 

^« 

k  -^ 

<i> 

T 

^-^^ 

Tt$ 

ct 

<0 

o^ 

vl 

0 

^"t 

^ 

5 

\ 

•)  03 

t 

?■ 

\ 

S! 

0 

\ 

k 

? 

k 

\ 

< 

M 

0 

CO 

\ 

to 

k 

\ 

ft: 

0 

\, 

1 

\ 

^ 

_ 

IT) 


in 


550 


TRACK. 


4 

_ 

f= 

=  a. 

^ 

^ 

^ 

^  = 

u 

^^M 

gjjXM^ 

m 

E 

Y 

— 

-^ 

'-^ 

— 

-- 

I 

^^ 

W 

m 

% 

1 

. 

L 

X. 

'O 

F7. 

6;//i 

o 

"/7 

• 

—  ig^ 

'■"i- 

^ 

^■1 

V- 

i'^: 

< 

l\\ 

;£•- 

)v- .V-i:'^ 

;>  ;• 

X'. 

4 

■>ii 

( 

X. 

— ■  1 

\ 

, 

1 

1 

^ 

~r 

'     ■> 

> 

"T" 

:;— 

IZ 

:r: 

-  ^1 

1 

/ 

hA 

■^  - 

•iyL, 

— V 

iiC 

T 

<^ 

'3' 

11 

^ 

- 

r 

^ 

'{ 

/,' 

1 

c^>iy  /= 

■ft 

L 

1? 

'M 

==,_ 



— -^o. 

r,AroRA 

Ta 

-D 

va 

'vh 

/- 

5" 

; 

' 

4i£ 

■t 

il 

' 

< 

'r! 

r 

! 

" 

"^ 

S: 

^~x 

^ 

=mm  n 

■     "i, 

^ 

5 

1 

1 

/' 

J- 

L 

Ol 

V  i 

VAT 

v/? 

/      '1 

1 

i 

1 

^ 

= 

f— , 

/             1 

t=I 

f 

—^ 

— 

1 

— 

/ 

m 

— 

— 

— 

'^ 

/ 

/ 

^' 

10 

^-^ 



-- 

-' 

1 

1 

1 

■ 

s' 

/?( 

?c 

K 

P 

M 

^\ 

l'^/ 

^ 

n 

f 

'^ 

%\ 

""r  r^/i 

''Ia' 

\\V 

'/i 

Fi'Vi 

S  liil 

T  TlTTl  V^ 

/  // ' 

r^ 

fi'  / 

7*!M 

[///'"^(7  T 

!• 

20'  15'  lO'  5'  O' 

Fig.  2A — Effect  of  Soft  Spot  on  Bridge  Abutment  at  Warren,  Ohio. 


DRAINAGE    OF    SOFT    SPOTS    IN    OLD    ROADBED.       .351 


H 


tn 


552 


TRACK. 


K^ 

r 

\ 

i<t 

y 

/ 

i 

ill 

*?j 

r 

y 

^ 

^\ 

j^ 

c 

^ 

/ 

^ 

(a 

/ 

u 

* 

^' 

/ 
1 

/ 

5 

.^ 

/ 

1 

<4 

K 

M 

1' 

^) 

; 

' 

2 
«0 

<n 

1 

f 

/ 

/ 

vl 

I 

/ 

v. 

">. 

' 

^ 

\ 

b 

^ 

/ 

ft- 

1 
/ 

/: 

i 

' 

Q 

/ 

1 

1 

/ 

V 

,' 

^ 

; 

$- 

/ 

;  . 

1 

/ 
1 

A 

■* 

^ 

III 

; 

/ 

A 

W 

i 

0 

/ 

M 

M 

'f 

/ 

^ 

M 

^1 

k 

% 

K 

?^u^ 

/ 

1*1 

H 

m 

^ 

ft  / 

/ 

k 

V) 

^ 

^ 

jSw 

11  ' 
1/ 

1 

< 

$ 

^ 

& 

^S 

if' 

lo 

^ 

^ 

F 

^ 

T 

? 

M 

|S 

m 

1 

t- 

^ 

^ 

UJ 

ft: 

m 

w 

X 
s" 

/ 

^ 

w 

^0 

^ 

■1 

Y 

1 

m 


lO 


ID 


3A — Soft  Sror   in    Ci.av   Embankment. 


-'►H 


5^ 


m~^ 


.nm 


■it 


J 


lO 


lO 


ID 


o 

o 


H 


U. 


554 


TRACK. 


/ 

7 

1 

/ 

/ 

) 

1 

/ 

K. 

, 

/ 

/ 

1 

O 

i: 

/ 

J 

/ 

^ 

/ 

/ 

^ 

// 

/ 

J 

4 
It 

// 

f 

u. 

J 

-4 

A 

A 

:5 

( 

// 

\ 

U 

^ 

// 

/ 

1 

(/' 

7 

1 

/ 

V 

/ 

H. 

// 

/■ 

^ 

\ 

p 

J 

^•' 

y 

' 

L 

r/V£ 

—** 

OF 

ipf 

M 

■% 

' 

\ 

t 

\ 

S, 

it 

\ 

\ 

\ 

\ 

>J 

\ 

^\ 

'^ 

\ 

i 

\  \ 

-  o 

^ 

ft: 

\-t> 

o 

\ 

\ 

\ 

s 

\ 

\ 

\ 

> 

s 

s. 

i 

E  O 


2 

< 

CD 

u 

< 

(5 

m 

O 

< 


pq 


H    U 


»    o 


o     u    -^ 


< 


^ 

l-l 

CO 

H 

o 

?^ 

y. 

w 

w 

IS 

o 

H 

W 

W 

CO 

W 

O  :z;. 


S  W 


Q     '^ 


w    ^ 

|~i 

a  < 

W  W 

't     H 

Ch 

w     X 

< 

:?  p^ 

w 

H    b 


q  u 


fe 


B— TILING    OF    WET    CUTS    AND    THE    CURING    OF    SLIDES. 

CLAY     SLIDE    AT     EOOXE    VIADUCT. 

(Reprint    from    Journal    of    "U'estern    Society    of    Engineers.) 

The  location  of  the  slide  is  about  four  miles  west  of  Boone,  Iowa, 
on  the  Chicago  &  Northwestern  Railway  main  line.  This  section  of  the 
main  line  is  a  cut-off  across  the  Des  Moines  River  Valley,  between 
Boone  and  Ogden.  It  is  a  double-track  line,  known  as  the  Boone  County 
Railway  and  was  built  in  1899-1901  to  eliminate  curves  and  grades  on 
the  old  single-track  line  via  Moingona.  On  the  old  line  the  maximum 
grade  is  1.5  per  cent,  and  maximum  curvature  6  degrees.  The  maximum 
grades   and  curves   on   the   new   line   are    respectively  0.5   per   cent,    and 

2  degrees.     The  total  reductions  effected  by  this  new  line  are:   Distance, 

3  miles;  ascent,  eastbound,  158  ft.;  ascent,  westbound,  158  ft.;  curvature, 
834  degrees,    and   maximum   grade   from    1.5   per   cent,   to    0.5    per    cent. 

The  bridge  across  the  Des  Moines  River  on  the  new  line  is  a 
double  track  steel  viaduct,  consisting  of  a  channel  span  of  300  ft.,  and 
approaches  of  alternate  75  ft.,  and  40  ft.,  deck  plate  girders  supported 
on  towers.  The  east  approach  is  made  up  of  eight  75-ft.  spans  and  six 
45-ft.  spans,  the  first  two  spans  being  each  75  ft.  long,  supported  by  a 
rocker  bent  instead  of  a  tower.  The  west  approach  consists  of  thirteen 
75-ft.  spans  and  twelve  45-ft.  spans,  all  resting  on  towers.  The  channel 
span  is  supported  by  A-shaped  steel  bents  resting  on  steel  cylinders 
filled  with  concrete  and  capped  with  Ableman's  sandstone. 

Each  tower  leg  in  the  approaches  rests  on  a  stone  pier.  The  founda- 
tion of  all  piers  in  east  approach,  except  Nos.  2,  3,  4,  5,  11  and  12, 
was  carried  down  to  a  stratum  of  black  shale.  Piers  Nos.  2,  3,  4,  5,  are 
founded  on  hard  clay,  and  piers  Nos.  11  and  12  have  pile  foundations. 
The  cylinder  piers  supporting  the  channel  spans  are  carried  down  to  a 
thick  bed  of  sandstone  about  40  ft.   below  low  water. 

The  surface  foundation  of  Boone  County  is  of  glacial  origin  and 
belongs  to  the  period  called  the  Wisconsin  drift ;  the  Des  Moines  River 
valley  is  supposed  to  be  a  later  formation.  The  river  has  cut  through 
the  drift  and  deep  into  the  coal  measures  throughout  its  course  in  the 
county,  leaving  a  valley  bordered  by  precipitous  bluffs  deeply  laid  with 
glacial  debris.  The  depth  of  the  valley  is  approximately  180  to  200  ft. 
The  glacial  drift  is  between  6g  and  80  ft.  deep  at  the  upper  edge  of 
the  valley  and  the  debris  on  the  sides  of  the  slopes  is  approximately 
10   to    30    ft.    deep.     Underlying    the    drift    are    alternate    strata    of    clay, 
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shale,  coal,  fire  clay  and  sandstone.  These  strata  lie  in  level  planes  and 
are  rather  thin,  ranging  from  2  ft.  to  about  20  ft.  in  thickness,  and 
somewhat  indiscriminately  mixed,  the  coal  being  the  thinnest  and  the 
fire  clay  and  sandstone  the  thickest  layers.  The  accompanying  profile 
shows  the  strata  and  the  line  of  erosion  as  determined  by  borings  along 
the   line  of  the  bridge. 

The  slip,  or  slide,  occurred  in  the  mi.xed  clay  of  the  glacial  drift 
in  the  vicinity  of  piers  Nos.  4  to  6,  on  the  east  bank  of  the  river  valley, 
and  on  the  north  side  of  the  viaduct,  at  an  elevation  of  from  65  to 
105  ft.  above  low  water  in  the  river.  The  first  indication  of  any  tend- 
ency of  the  surface  material  to  slide  was  observed  in  the  latter  part  of 
June,  1905,  following  a  severe  and  unusually  heavy  rainfall  during  the 
last  week  of  that  month.  An  inspection  of  the  situation  showed  a  ditch- 
like depression  about  12  ft.  wide  and  3  to  4  ft.  deep,  running  in  a 
northeasterly  direction  and  starting  at  a  point  about  50  ft.  from  pier 
No.  5.  From  the  southwest  end  of  the  depression  a  crack  extended 
toward  the  bridge  coming  up  to  pier  No.  6  and  running  partly  around 
that  and  then  on,  down  the  slope,  toward  pier  No.  7.  The  bottom 
and  sides  of  this  depression  were  regular  enough  at  first  to  suggest 
a  belief  that  the  settlement  was  caused  by  the  caving  in  of  an  old 
heading  in  an  abandoned  coal  mine  north  of  the  bridge.  Subsequent 
developments  proved  this  to  be  unlikely.  It  very  soon  became  evident 
that  the  crack  near  pier  No.  6  was  deepening  and  lengthening,  as  other 
cracks  and  fissures  were  appearing.  The  Chief  Engineer  was  notified, 
and  a  plan  for  draining  the  side  hill  was  immediately  made  and  work 
commenced  at  once.  In  places  where  the  vertical  slip  amounted  to  two 
feet  or  more  the  material  rolled  up  below  in  a  mud  wave.  It  was 
impossible  to  walk  in  some  parts  of  the  side  hill  on  account  of  the 
soft  ground  and  mud  waves.  The  excessive  amount  of  moisture  in  the 
ground  caused  the  surfaces  of  two  adjoining  clay  strata  to  slip  upon 
each  other,  making  depressions,  slips  and  waves  in  the  overlaying  earth. 

The  plan  decided  upon  was  to  construct  two  large,  deep  drains 
running  down  hill  from  the  bridge  at  an  angle  of  about  27  degrees 
30  minutes  with  the  track.  A  sufficient  number  of  branches  were  to 
be  provided  to  thoroughly  drain  the  area  involved  in  the  slide.  The 
plan  was  carried  out  in  every  particular  as  proposed,  except  an  addi- 
tional ditch  No.  3  was  built  north  of  the  first  two.  Before  the  excava- 
tion for  the  main  ditches  could  proceed,  it  was  found  necessary  to 
construct  a  temporary  drainage  ditch  to  dispose  of  the  surface  water. 
The  main  ditches  are  five  feet  wide  on  the  bottom  and  vary  in  depth 
from  about  four  feet  at  the  lower  end  to  nine  or  ten  at  the  upper  end. 
Ditches  Nos.  i  and  3  are  each  360  ft.  long,  with  six  branch  ditches 
each.  No.  2  is  230  ft.  long  and  has  five  branches.  The  branches  or 
laterals  are  the  same  size  as  the  main  ditches.  The  bottoms  of  all 
ditches  are  filled  to  a  depth  of  three  feet  with  "one-man"  rip-rap,  and 
on  top  of  this   is   placed   a  layer   of  willow  brush   two   feet  thick.     The 
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ditches  were  back-filled  with  material  from  the  excavation,  and  'opened 
up  to  whatever  depth  was  necessary  to  get  about  one  or  two  feet 
below  the  line  of  slip. 

A  report  of  progress  of  the  work  stated  that  ditches  Nos.  i  and  3 
had  been  opened  up  for  a  distance  of  250  ft.  and  150  ft.,  respectively; 
and  continuing,  says :  "Since  commencing  work  on  these  ditches  the 
ground  has  slipped  a  distance  of  about  two  feet  all  the  way  down  the 
slope.  The  point  where  slipping  takes  place  is  about  8  feet  below  the 
surface."  This  line  of  slip  was  very  well  defined.  It  occurred  along  a 
very  thin  stratum  of  dark  red  clay,  about  one-sixteenth  inch  thick,  be- 
tween two  layers  of  blue  clay.  As  a  matter  of  precaution,  a  strut  was 
placed  between  piers  5  and  6  on  the  north  side.  This  was  built  up  out 
of  four  (4)  8-in.  by  i6-in.  fir  timbers  in  pairs,  with  diagonal  braces 
between.     No  derangement  or  settlement  of  any  piers  occurred,  however. 

Thirty-nine  cars  of  rip-rap  were  used,  besides  a  large  amount  of 
sheet  piling  and  miscellaneous   material.     The  cost   was   as    follows : 

Material     $1,425.00 

Labor 5,72S&o 

Total $7,150.00 

The  success  of  this  drainage  plan  seems  to  be  assured,  as  the  ground 
has   dried   out   and    slipping   stopped. 

DISCUSSION. 

Mr.  C.  F.  Loweth  :  The  paper  is  a  valuable  contribution  to  the 
literature  on  earth  slides,  and  the  engineers  in  charge  of  the  structure 
are  to  be  congratulated  on  the  prompt  and  effective  measures  taken 
to    remedy   the   trouble. 

Large  masses  of  earth  in  natural  position  are  sometimes  so  nicely 
balanced  that  their  equilibrium  is  easily  destroyed,  and  some  of  the 
causes  which  may  destroy  the  balance  and  bring  about  earth  slides 
are  excavations  in  or  under  the  surface,  an  excess  of  the  usual  amount 
of  moisture,  especially  if  it  be  absorbed  by  the  earth,  an  extraneous 
loading,  and  the  vibrations  caused  by  heavy  machinery  or  the  passing 
of  railway  trains. 

The  extensive  landslides  on  the  line  of  the  Canadian  Pacific  Railway 
in  the  Frazier  River  Valley  in  British  Columbia  were  found  to  be  due 
to  the  irrigation  of  large  tracts  of  land  above  the   line  of  the  railroad. 

The  slide  referred  to  in  this  paper  developed  soon  after  an  unusually 
heavy  rainfall,  but,  in  the  writer's  opinion,  it  is  probable  that  the  weight 
of  the  viaduct  and  its  traffic  and  the  excavations  of  the  old  mines  were 
contributing  causes. 

The  popular  conception  of  a  landslide  is  that  of  a  violent  phe- 
nomenon ;  some  surely  are  such,  and  all  are  the  results  of  mighty  forces 
in    motion.     But    the   writer    believes    that   there    are    many    earth    move- 
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raents,  truly  classed  as  slides,  but  which  occur  so  slowly  and  with  so 
little  disturbance  of  the  surface  that  they  are  unnoticed  or  unrecorded, 
especially  if  there  are  no  artificial  structures  near  by  to  be  affected,  or 
to  serve  as  reference  points  from  which  the  movement  may  be  observed. 

It  is  generally  known  that  the  east  bank  of  the  Missouri  River 
at  the  Bismarck  bridge  of  the  Northern  Pacific  Railway  slipped,  moving 
the  massive  east  river  pier  somewhat  more  than  three  feet,  and  the 
smaller  bank  abutment  a  greater  distance.  This  moving  or  sliding 
became  apparent  before  the  bridge  was  completed  in  1883,  and  continued 
with  practically  no  cessation,  but  with  varying  rate,  for   10  or   12  years. 

In  the  early  years  the  movement  was  slow  and  at  times  almost 
imperceptible,  except  as  measured  through  long  intervals.  Finally  the 
city  waterworks  pumping  station  was  built  on  the  lower  bank,  just 
below  the  bridge,  and  two  large  reservoirs  were  built  at  the  top  of 
the  bluff  near  the  top  of  the  cut  through  which  the  railroad  approached 
the  bridge.  The  pipe  connecting  the  pump  house  and  reservoirs  passed 
under  the  bridge  on  the  lower  bank  and  was  then  turned  up  the  hill 
about  parallel  with  the  lines  of  the  railroad  and  not  more  than  a  hundred 
feet  or  so  therefrom.  These  reservoirs  were  far  from  water-tight,  and 
the  movement  of  the  hillside  pulled  the  pipe  joints  apart  several 
times,  the  result  being  that  the  hillside  was  unusually  saturated,  and 
the  earth  movement  became  alarmingly  accelerated,  and  threatened  to 
carry  the  pier  from  under  the  bearings  of  the  spans  it  carried,  one 
of  which   was  400  feet   long. 

The  climax  was  accompanied  with  appearance  of  many  fissures 
in  the  surface  of  the  hillside ;  none  of  them,  however,  were  so  large 
but  what  they  would  be  obliterated  by  the  winds  and  rains  of  a  few 
weeks,  and,  so  far  as  the  writer  is  aware,  these  were  the  first  surface 
evidences   of    any   sliding   of   this    hillside. 

As  a  contrast  to  this  long  continued  and  barely  perceptible  earth 
movement,  are  the  hillsides  farther  up  the  stream  from  this  bridge, 
and,  in  fact,  in  many  places  along  the  Upper  Missouri  River,  where 
the  rough  and  tumbled  surfaces  clearly  indicate  earth  slides  of  great 
magnitude   and    violence. 

It  may  not  be  generally  known  that  at  the  Bismarck  bridge  the 
sliding  mass  was  doweled  to  the  underlying  stable  shale  by  two  large 
concrete  dowels,  each  about  25  feet  square  and  located  just  above  and 
below  the  bridge  axis;  in  addition,  the  hillside  has  been  underdrained, 
and  the  writer  understands  these  measures  have  proven  successful. 

E.  E.  R.  Tratman  :  In  regard  to  the  movement  of  the  pier  of 
the  Bismarck  bridge,  it  is  interesting  to  note  that  instead  of  building 
a  new  pier  it  was  decided  to  force  the  old  pier  back  to  its  original 
position,  a  distance  of  about  44  inches.  The  plan  adopted  was  to  build 
a  series  of  tunnels  under  the  pier,  filling  them  partly  with  concrete, 
upon  which  was  built  a  timber  framework  carrying  lines  of  rails  with 
steel   rollers;   rails   resting  upon  the   rollers   took   a  bearing  against   the 
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base  of  the  pier.  With  the  series  of  tunnels  completed  there  were  forty 
lines  of  rails  and  960  rollers.  Jacks  bearing  against  the  new  concrete 
base  were  used  to  pull  the  pier  back  into  place  upon  its  new  foundation. 
Another  case  of  serious  sliding,  due  to  the  leakage  of  water,  was  the 
reservoir  at  Portland,  Ore.,  the  peculiar  conditions  of  which  were 
described  in  a  paper  presented  to  the  American  Society  of  Civil  Engi- 
neers about  a  year  ago. 

Prof.  U.  S.  Grant,  Evanston,  111.  (by  letter)  :  The  movement  of 
unconsolidated  materials  downward  along  steep  slopes  is  a  phenomenon 
of  considerable  importance  geologically,  as  it  is  a  factor  in  the  gradual 
transfer  of  material  from  the  land  to  the  sea.  When  this  movement  is 
exceedingly  slow,  the  term  creep  is  commonly  applied  to  it.  When  more 
rapid,  the  moving  mass  is  spoken  of  as  a  slide  or  slip,  and  if  of  large 
size,  is  called  a  landslide.  The  presence  of  much  water  in  these  uncon- 
solidated materials  on  steep  slopes,  especially  when  clayey  substances 
are  present,  tends  to  make  the  movement  more  possible  and  more  rapid. 

Mr.  E.  C.  Carter  :  The  Des  Moines  River  flows  through  a  deep 
gorge,  about  half  a  mile  wide  on  top,  and  from  400  to  600  feet  wide  at 
the  bottom,  where  the  bridge  and  new  line  cross.  The  hard  clays  and 
sandstone  and  shale  strata  are  overlaid  with  a  lighter  earth  or  drift 
which  has  washed  down  and  slipped  down  to  form  the  surface  of  the 
present  bluffs.  As  surface  water  soaks  through  this  drift,  it  gets  on  to 
the  more  impermeable  strata,  and,  flowing  along  it,  works  down  until 
it  finds  some  means  of  coming  out  through  the  hillside  as  a  spring, 
and  after  a  long  continued  wet  season,  or  series  of  wet  seasons,  a  suffi- 
cient quantity  of  water  has  accumulated  and  has  soaked  into  the  over- 
lying stratum  of  drift,  when  it  finally  becomes  semi-fluid,  and  movement 
will  take  place,  relieving  the  support  of  the  overlying  material,  which 
then  subsides  by  a  crack,  leaving  a  nearly  vertical  face  of  3  or  4  feet. 
This  action  becomes  successive,  step  by  step,  up  the  sides  of  the  hill. 
In  the  neighborhood  of  Boone  this  action  is  very  clearly  traceable 
in  the  valley  of  the  Des  Moines,  and  in  the  lateral  valleys  of  the  streams 
that  empty  into  it. 

The  old  line  from  Moingona  north  was  along  the  west  bank  of 
the  river,  and  was  on  a  bench  cut  into  this  overlying  drift  for  about 
one  and  one-half  miles.  After  a  couple  of  very  wet  seasons,  there  was 
the  greatest  difficulty  in  maintaining  the  track  along  this  bench.  A  great 
many  different  devices  were  resorted  to  in  endeavoring  to  support  the 
track,  but  it  would  continually  be  out  of  line  at  one  point  or  another, 
and  sometimes  was  rendered  impassable  for  hours.  The  difficulty  was 
finally  taken  care  of  by  taking  a  2  by  12  plank  and  building  a  lot  of  box 
drains  in  16- ft.  lengths,  putting  these  between  the  ties  every  10  or  15 
feet  across  the  track,  and  carrying  them  back  up  the  slope  of  the  hillside, 
with  an  occasional  lateral  diagonal  drain  leading  into  them.  In  a  re- 
markably short  time  the  water  was  afforded  a  direct  means  of  getting 
away,  and  the  movement  was  stopped,  and  from  the  time  that  this  work 
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was   carried  out,  to  the  present   time,   we   have   never   had   the   sHghtest 
trouble  with  the  track  along  that  slope  of  the  river  bank. 

Mr.  a.  S.  Zinn  :  The  Rock  Island  Road  was  troubled  a  great  deal 
in  Texas  and  Arkansas  with  what  is  called  gumbo  slides ;  some  em- 
bankments were  made  up  of  a  tenacious  clay,  commonly  called  gumbo. 
The  greatest  trouble  had  was  in  Arkansas,  on  a  line  built  about  ten 
years  ago.  The  embankments  were  lo  to  15  feet  in  height  and  were 
constantly  spreading  out  in  rainy  season,  where  made  of  this  gumbo 
soil.  The  chief  engineer  tried  to  stop  the  trouble  by  driving  a  row 
of  piles  close  together  at  the  foot  of  the  embankment.  The  sliding 
continued,  until  this  piling  was  leaning  in  places  at  an  angle  of  45 
degrees.  A  cross-section  was  made  at  one  place  which  had  given  con- 
siderable trouble,  and  where  cinders  had  been  put  under  the  track; 
in  one  place  there  were  seven  feet  of  cinders  under  the  track,  but  trouble 
was  being  experienced  even  then.  The  cross-section  showed  that  these 
cinders  were  in  a  sort  of  trough,  caused  by  heavy  traffic  gradually  push- 
ing the  cinders  into  the  embankment,  and  at  the  foot  of  embankment 
there  was  continual  sliding.  One  bad  place,  about  4,000  feet  in  length, 
was  remedied  by  spreading  this  embankment  out  to  a  slope  of  3  to  i, 
then  building  it  up  with  good  material  and  placing  about  a  foot  of  ballast 
on  top.  One  roadmaster  of  the  Iron  Mountain  line  stated  that  they 
cured  their  slides  by  digging  trenches,  but  instead  of  back-hlling  with 
rip-rap,  they  put  in  old  ties  and  coal  at  the  bottom,  and  covered  this 
with  the  gumbo  soil,  and  burrft  it  in  the  same  way  they  would  burn 
gumbo  for  ballast.  Before  starting  this  fire  they  would  dig  trenches 
straight  out  from  the  track  to  foot  of  embankment,  and  then  connect 
the  upper  end  of  trenches  by  a  deep  ditch  parallel  to  the  end  of  the 
ties.  After  the  material  was  burned  out,  the  ditches  would  be  left  filled 
with  burnt  clay,  like  broken  brick;  that  would  leave  an  opening  for 
the  water  to  get  away,  and  in  that  manner  they  got  rid  of  all  the 
gumbo  slides.  They  found  this  method  very  successful.  It  was  found 
that  this  gumbo,  when  saturated  with  water,  slides  down  to  a  slope  of 
about  3  to  I,  and  then  stops.  Water  will  hardly  go  through  gumbo ; 
when  very  much  saturated  it  is  of  a  consistency  of  mud. 

The  ditches  were  dug  about  six  feet  deep  or  more,  depending  on 
height  of  embankment,  straight  out  from  the  track,  and  about  2  to  3  ft. 
wide.  I  suppose,  however,  if  they  had  filled  that  up  with  rip-rap  it 
might  have  answered  the  same^  purpose. 

We  found  it  a  waste  of  money  to  try  to  drain  these  slides  with- 
common  farm  tile.  We  tried  six-inch  tiling,  but  found  the  tiling  was 
pushed  out  of  line  and  filled  with  mud,  thus  preventing  the  water  from 
passing  through. 
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FOREIGN    RAILWAY    CONSTRUCTION    IN    SLIDING    GROUND. 
(Reprint  from  Journal  of  Western  Society  of  Engineers.) 

Mr.  E.  E.  R.  Tratman  :  Railway  engineers  in  Europe  have  had  very 
extensive  experience  with  construction  and  maintenance  in  treacherous 
soil  and  in  some  cases  very  elaborate  and  costly  works  have  been 
necessary.  Many  of  these  works  have  been  necessitated  by  and  built 
under  peculiar  and  exceptional  conditions,  and  it  is  of  interest  to  put 
on  record  some  of  the  difficulties  encountered  and  the  methods  adopted 
for   overcoming   them. 

The  Paris  &  Montereau  division  on  the  Paris,  Lyons  &  Mediter- 
ranean Railway,  France,  was  opened  in  1849,  and  it  was  stated  that  for 
some  forty  years  there  were  movements  of  the  ground,  sometimes  to 
such  an  extent  as  to  block  the  road.  It  was  only  by  very  thorough 
investigations  as  to  the  causes,  and  the  execution  of  very  extensive 
works,  that  stability  was  finally  assured.  The  country  traversed  by  the 
railway  has  a  surface  of  loam  and  alternate  permeable  beds  of  limestone 
or  sand  and  impermeable  beds  of  clay,  all  underlaid  by  compact  chalk. 
The  beds  are  very  regular  and  have  not  been  subject  to  upheaval  since 
their  formation.  The  rainwater  soaking  into  the  loam  flows  along  the 
first  bed  of  clay;  that  and  the  lower  beds  are  mainly  dry,  except  where 
water  is  given  access  to  them  by  the  railway  or  other  works.  It  would 
seem  that  cuts  in  such  a  formation  would  not  disturb  the  equilibrium  of 
the  mass,  as  the  surface  water  flows  over  the  slopes  and  into  the 
roadway  ditches ;  the  lower  beds  would  then  remain  dry  and  stable, 
as  the  clay  is  only  dangerous  when  made  wet.  This  did  not  prove  to 
be  the  case,  however,  and  in  a  certain  length  of  time,  sometimes  several 
years,  certain  slopes  began  to  slide..  This  is  explained  by  the  engineers 
as  follows :  The  opening  of  the  excavation  cuts  the  permeable  beds 
alternated  with  the  clay  beds ;  the  water  flowing  on  the  slopes  or  in 
the  ditches  wets  the  edges  of  these  beds ;  if  the  beds  are  inclined  toward 
the  railway  the  water  can  only  work  between  them  by  capillary  action, 
and  causes  little  trouble,  as  it  does  not  extend  to  any  distance,  but 
when  the  slope  is  in  the  opposite  direction,  the  water  gradually  pene- 
trates to  a  considerable  distance.  The  slope  then  rests  on  an  imstable 
bed,  and  a  subsidence  occurs,  which  is  increased  by  the  vibration  due 
to  the  trains,  and  a  crack  or  crevasse  opens  along  the  slope,  into  which 
the  rainwater  enters.  Finally,  a  mass  of  greater  or  less  size  detaches 
itself,  and,  moving  against  the  direction  of  the  slope  of  the  bed,  falls 
into   the  cut. 
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One  of  the  most  troublesome  cuts  was  that  at  Mee,  with  a  maxi- 
mum depth  of  only  23  ft. ;  the  slopes  are  45  degrees,  with  a  toe  wall 
of  dry  masonry  on  each  side,  and  the  ballast  supported  by  dwarf  walls 
to  form  a  ditch.  This  is  shown  in  Fig.  i.  The  cut  yields  a  constant 
and  considerable  flow  of  water,  even  in  dry  seasons.  Beneath  the  vege- 
table soil  is  a  permeable  bed  of  limestone,  then  a  bed  of  impermeable 
clay,  a  second  bed  of  limestone,  a  bed  of  sand,  and  finally  another  bed 
of  clay  on  the  rock.     The  inclination   of  the  beds   is  generally  opposite 


to  that  of  the  surface  of  the  ground.  The  water  flows  entirely  from 
one  side  of  the  cut,  and  this  side  has  never  slipped.  The  slides  occur 
on  the  opposite  side,  which  shows  no  trace  of  moisture.  Where  the 
bed  of  limestone  and  sand  is  below  the  roadbed,  it  receives  no  water 
from  the  excavation,  and  no  slides  occur ;  and  where  the  bed  comes 
behind  the  dwarf  retaining  wall,  the  latter  protects  it,  and  no  slides 
occur.  But  where  the  sliding  plane  is  above  the  wall,  the  water  of 
the  slope  gradually  works  along  it  and  causes  slides.  Dry  retaining 
walls  carried  below  the  ditch  were  of  little  effect,  as  they  simply  admitted 
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water  to  the  treacherous  bed.  After  the  causes  had  been  thoroughly 
investigated,  a  remedy  was  effected  by  simply  deepening  the  opposite 
ditch  and  diverting  all  the  water  onto  that  side.  In  some  cases  a 
stone  wall  was  built  to  cover  the  edge  of  the  permeable  bed,  and  so 
prevent  the  water  from  flowing  into  it,  as  shown. 

The  bank  following  this  cut  is  in  some  cases  60  ft.  high,  and  was 
protected  by  a  drain  formed  by  a  deep  trench  filled  with  dry  stone.  But 
it  became  necessary  later  to  build  a  masonry  drain  or  gallery  5  ft. 
high  and  2  ft.  4  in.  wide  below  the  level  of  this  wall.  The  gallery  is 
840  ft.  long,  at  right  angles  to  the  railway.  The  head  of  the  gallery  is 
directly  beneath  the  bank. 

Near  Senart  is  an  arched  masonry  culvert  which  was  broken  into 
four  sections  by  cracks  parallel  with  the  rails,  due  to  the  sliding  of 
the  beds  on  which  the  foundations  were  built.  A  masonry  drain  was 
built  under  the  foundations,  with  branches  forming  a  "Y"  and  termi- 
nating at  vertical  wells  opening  into  the  ditch,  thus  draining  the  lower 
beds  and  also  carrying  away  the  surface  water  which  had  formerly 
penetrated  the  earth.  In  a  number  of  other  cases  extensive  drainage 
galleries  were  built  to  protect  bridges  where  slides  occurred,  and  em- 
bankments, which  in  some  cases  had  sunk  some  10  feet  below  the  origi- 
nal level,  the  track  having  been  raised  from  time  to  time.  Fig.  2  shows 
the  main  gallery  carrying  the  water  from  a  sysiem  of  drains  in  the 
hillside  above  the  railway.  Fig.  3  shows  the  methods  adopted  at  the 
bank  approaching  the  bridge  at  Brolles,  which  had  begun  to  slide.  A 
trench  6.5  ft.  wide  was  built  on  the  upper  side,  extending  through  the 
permeable  strata,  so  as  to  intercept  the  flow  of  water.  At  the  bottom 
of  this  was  built  a  masonry  gallery,  or  drain,  backed  by  concrete  on 
the  downhill  side,  and  otherwise  covered  by  rubble-stone  filling.  Open- 
ings in  the  roof  and  uphill  wall  admitted  the  water.  The  drainage 
gallery  led  to  a  transverse  gallery  or  culvert  passing  under  the  bank 
and   discharging  the   water   far   below   it   down   the   hillside. 

Another  case  of  extensive  and  almost  hopeless  conflict  with  sliding 
ground  was  on  the  railway  from  Lons-le-Saunier  to  Champagnole,  in 
France.  As  described  by  Mr.  Meron,  the  chief  engineer,  some  14  years 
ago,  the  railway  rises  from  Lons-le-Saunier  to  a  grade  of  about  25/^ 
per  cent,  to  reach  the  crest  of  the  first  plateau  of  the  Jura  range.  It 
cuts  successively  all  the  beds  of  liassic  formation,  which  are  exceptionally 
unstable  in  that  district,  and  the  situation  is  aggravated  by  the  trans- 
verse slope  of  the  hill  on  which  the  line  runs,  and  by  the  presence  of 
numerous  springs.  The  grade  has  a  length  of  about  7  miles.  Work 
was  commenced  in  1881,  and  as  no  provision  had  been  made  for  the 
drainage  of  the  land,  the  work  on  the  heavy  cuts  at  once  disturbed 
the  equilibrium  of  the  strata,  and  as  fast  as  the  movement  was  stopped 
in  one  place  it  developed  at  another.  The  banks  also  subsided,  and  in 
the  winter  of  1882-83,  the  ground  slid  into  the  Vertancul  cut  for  the 
entire   length.     In    November,    1884,    the    hill    above    the    village   of    Per- 
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rigny  moved  bodily  and  completely  closed  the  Vieux-Mont  cut  for  a 
length  of  ISO  feet.  This  slide  was  repeated  on  a  larger  scale  two  years 
later.  At  the  opening  of  1885,  the  three  miles  of  line  built  showed 
nothing  but  settling  banks  and  sliding  cuts.  Extensive  drains  were 
built  around  the  works,  and  transverse  trenches  filled  with  broken  stone ; 
but  the  drains  only  worked  for  a  time,  while  the  stone  of  the  ditches 
settled  into  the  ground,  and  in  a  year  or  two  the  movements  recom- 
menced. The  contractors  threw  up  the  work,  and  the  engineers,  after 
long  and  careful  investigations,  prepared  designs  for  the  drainage  and 
consolidation  of  the  land.  These  were  approved  in  1886,  and  the  works 
were  completed  in  1888.  This  was  done  without  deviation  from  the 
original  line,  except  at  the  Vieux-Mont  cut,  already  mentioned,  where 
the  consolidation  would  have  cost  some  $8o,oco  on  a  length  of  1,300  feet, 
as  it  v/ould  have  been  necessary  to  sustain  a  hillside  of  some  sixty  acres, 
moving  as  one  mass,  with  a  depth  of  from  33  to  50  feet.  At  this  point 
the  old  cut  was  abandoned,  and  the  line  on  the  new  location  was  thrown 
further  out  and  carried  over  a  small  valley  or  ravine  by  a  system 
of  drainage  galleries.  This  bridge  naturally  spanned  a  slide.  In  Decem- 
ber, 1886,  another  slide  occurred  on  an  area  of  60  acres,  and  flowed 
into  the  old  cut,  but  fortunately  the  ground  between  the  old  and  new 
lines  resisted  the  pressure.  This  section  of  the  road,  4}^  miles  long, 
had  been  estimated  to  cost  $318,220,  but  it  actually  cost  $650,000,  or 
about  $136,000  per  mile. 

The  Lieme  embankment,  located  at  the  beginning  of  the  line,  on 
approximately  horizontal  ground,  has  a  maximum  height  of  41.5  ft. 
In  view  of  the  character  of  the  material  necessary  to  be  used,  stone 
mounds  the  entire  width  of  the  bank  and  about  12  ft.  high  were  built 
on  the  ground  at  intervals  of  130  ft.  before  the  material  of  the  bank 
was  deposited.  This  clay  was  very  wet,  and  the  bank  soon  settled 
and  slipped  for  a  length  of  650  ft.,  but  without  disturbing  the  stone 
drains  or  mounds.  In  order  to  maintain  the  line  open  for  traffic,  new 
material  was  deposited  on  the  top  and  also  on  the  sides  to  load  it 
until  the  bank  was  in  some  places  200  ft.  wide  at  the  base.  Fig.  4  is 
a  section  at  one  of  these  mounds.  Trenches  5  ft.  wide,  and  with 
vertical  sides,  were  then  made  across  the  flattened  slopes  of  the  bank 
and  filled  with  stone  to  the  level  of  the  old  drains,  reducing  the 
intervals  between  drains  to  about  43  ft.  Both  old  and  new  drains  were 
extended  at  the  ends  to  conform  to  the  actual  slope  of  the  bank,  as 
shown  in  Fig.  5.  Headings  were  then  driven  through  the  bank  to 
connect  the  opposite  lines  of  stone  drains,  the  headings  or  galleries 
being  filled  with  dry  stone  masonry,  leaving  a  box  drain  at  the  bottom. 
These  drifts  showed  that,  while  the  soil  of  the  bank  had  been  largely 
dried  out,  there  were  veritable  pockets  of  mud  and  water,  so  that  in 
places  the  distance  between  cross  drains  was  still  further  reduced  to 
21.5  ft.  The  base  of  the  bank  having  been  thus  treated,  the  slopes  of 
the   upper    part    were    cut    in    horizontal    benches    and    new    slopes    filled 
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in  with  good  material  brought  from  a  distance ;  this  was  sown  with 
hicerne  and  rye  grass  to  form  a  heavy  turf  (Fig.  s).  It  might  seem 
that  it  would  have  been  cheaper  to  build  the  entire  bank  of  good  mate- 
rial brought  from  a  distance,  but  it  is  estimated  that  this  would  have 
cost  70  per  cent,   more  than   the   works   described. 

The  Perrigny  cut  is  a  long  cutting,  directly  following  the  Lieme 
bank  above  mentioned;  it  is  2,500  ft.  in  length,  but  the  trouble  was 
mainly  for  about  1,200  ft.  at  the  middle,  where  the  maximum  depth  was 
about  50  ft.  The  cut  was  first  started  by  excavations  to  full  depth, 
but  this  at  once  started  sliding  and  caving  of  the  ground,  and  it  was 
found  that  the  underlying  material  through  the  lower  part  of  the  cut 
lay  was  not  stable,  as  had  been  supposed.  It  therefore  became  neces- 
sary to  first  excavate  the  prism  bounded  by  the  surface  of  the  ground, 
the  left  slope,  and  the  horizontal  plane  level  with  the  top  of  the  right 
slope.  This  exposed  a  limestone  and  chalk  formation,  in  which  the  final 
cut  was  made  with  slopes  of  45  degrees,  instead  of  lYz  to  i,  as  had 
been  intended.  A  section  of  the  cut  is  shown  in  Fig.  6.  This  latter 
slope  was  used  in  the  upper  part  of  the  cut,  but  successive  slides  reduced 
this  to  I  on  2  in  the  upper  slope  on  the  left  side,  transverse  trenches 
were  cut  33  ft.  apart  and  6  ft.  wide,  the  bottom  being  benched 
and  having  a  slope  of  i  per  cent. ;  these  were  filled  with  stone,  leaving 
a  box  drain  at  the  bottom.  The  first  of  these  trenches  was  not  carried 
down  to  the  good  rock,  but  this  proved  to  be  unsatisfactory,  and  all 
others  were  thus  deepened.  During  the  excavation  of  some  of  these 
trenches  the  wet  ground  slid  and  was  so  soft  that  the  trench  timbering 
would  not  hold,  but  was  distorted.  In  spite  of  the  severe  cold  weather,  a 
retaining  wall  of  masonry  in  mortar  was  built  at  the  foot  of  the  slope ; 
this  was  moved  somewhat  by  the  pressure,  but  served  as  a  bearing 
for  the  timbering,  so  that  the  trenches  were  at  last  made ;  these  cross- 
drains  dry  out  the  material,  which  would  otherwise  not  be  held  back 
even  by  the  heavy  wall.  A  masonry  drainage  ditch  was  also  constructed 
along  the  entire  length  of  the  top  of  the  slope  on  the  left  side.  Finally 
the  slopes  of  the  cut  were  lined  with  a  dry-stone  revetment,  to  protect 
them  from  the  disintegrating  action  of  the  air,  and  acacias  were  planted 
on  the  upper  slopes  to  consolidate  the  ground.  The  total  cost  of  this 
one   cut  was   about  $116,500. 

In  approaching  the  town  of  Conliege  the  line  passes  into  a  verj' 
unstable  stratum,  which  gave  almost  endless  trouble.  It  is  underlaid 
by  schist,  which  provides  an  excellent  support  for  foundations,  but,  un- 
fortunately, there  is  a  bed  of  soft  clay,  full  of  springs,  between  this 
and  the  surface  clay,  and  the  water  from  the  springs  saturates  the 
surface  clay  to  such  an  extent  that  it  will  not  carry  any  load,  and  all 
the  proposed  embankments  have  had  to  be  abandoned,  after  work  upon 
one  had  started  a  slide  of  the  whole  hill  for  a  length  of  700  ft.,  which 
was  finally  stopped  by  a  retaining  wall  carried  down  into  the  solid  sub- 
stratum.    A   drainage   project   was   prepared  by   the   engineers,    approved 
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by  the  government  in  1883,  and,  after  much  difficulty,  completed  in 
1885,  when  filling  was  again  commenced  on  the  bank.  Two  days  of 
rain,  however,  started  a  new  movement,  and  in  one  night  the  bank  slid 
to  the  foot  of  the  hill,  pushing  the  soft  soil  below  it  like  a  wave.  Still 
a  third  bank,  only  8  ft.  high,  behaved  in  the  same  way,  and  it  was 
evident  that  even  the  costly  drainage  works  could  not  make  the  surface 
stratum   stable. 

It  was  therefore  necessary  to  build  masonry  viaducts,  with  piers 
carried  down  to  the  solid  substratum.  The  piers  are  39.3  ft.  between 
centers,  with  semicircular  arches  of  16.4  ft.  span.  The  Vertancul  viaduct 
has  five  arches  and  the  Ermitage  viaduct   (Fig.  7)    has  six  arches.     The 


^^''Ermitage    Vioduct. 
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excavations  for  the  piers  were  carefully  filled  with  masonry,  so  as 
not  to  leave  voids,  which  might  start  slides.  It  became  evident,  how- 
ever, that  it  was  impossible  to  prevent  the  formation  of  a  sheet  of  water 
around  the  foundations,  which  would  gradually  soften  the  earth,  until 
a  slide  would  occur  that  might  carry  away  the  piers.  All  the  piers, 
therefore,  had  on  each  side  a  dry-stone  wall  2  ft.  thick,  carried  below 
the  base  of  the  foundation,  and  having  at  the  bottom  a  box  drain ;  the 
two  drains  of  each  span  connected  with  a  "Y"  shaped  drain,  the  stem 
of  which  led  to  a  general  drainage  system.  One  of  the  viaducts  is  set 
with  its  upper  side  close  against  the  hill,  no  parapet  being  used  on  this 
side,    with    a   paved    ditch    outside    the    ballast.     Beyond    the    ditch    is    a 
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6-ft.  trench  carried  down  to  the  good  substratum  and  filled  with  dry 
stone,  a  box  drain  at  the  bottom  connecting  with  the  general  drainage 
system.  The  station  grounds  are  formed  by  a  side-hill  cut,  and  drains 
consisting  of  trenches  filled  with  stone  are  placed  in  the  up  arch  down 
the  slope,  while  A-shaped  cross-drains  between  them  intercept  the  sur- 
face  water   and   divert    it    into    the    main    drains. 

In  passing  through  rocky  districts,  some  of  the  long  side-hill  cuts 
with  steep  slopes,  65  to  100  ft.  high,  were  subject  to  serious  falls  from 
above,  due  to  the  action  of  frost  and  ice.  This  was  checked  in  some 
cases  by  a  stone  revetment  of  the  steep  slopes,  but  in  two  cases  it  was 
found  more  economical  to  build  a  masonry  roof  over  the  cuts.  These  are 
shown  in  Fig.  8.  The  arched  roof  is  in  one  case  seated  in  the  rock 
of  the  slopes,  while  in  the  other  case  it  is  supported  by  inclined  side 
walls  built  against  the  slope  of  the  original  cut,  the  rock  being  too 
badly  disintegrated  to  afford  support.  A  bed  of  filling  above  the  roof 
protects    it    from    falling    rocks. 

In  the  original  location  the  line  was  intended  to  pass  around  the 
rocky  spur  overlooking  the  village  of  Revigny  by  a  side-hill  bank,  begin- 
ning at  the  mouth  of  a  short  tunnel.  The  slope  of  the  surface  was  about 
ij^  to  I,  and  at  the  foot  was  a  government  road  and  the  Rochechien 
Creek.  The  top  of  the  bank  was  very  narrow,  but  owing  to  the  slope 
of  the  hill  it  extended  far  down  the  slope,  and  at  one  place  a  masonry 
arch  bridge  of  43  ft.  span  was  built  across  a  depression.  In  a  few 
months  the  arch  was  found  to  be  cracked  and  the  abutments  moving, 
while  crevasses  formed  a  great  A  in  the  face  of  the  hill,  the  apex  btnig 
just  below  the  bank.  The  bank  moved  about  3  ft.  out  of  line,  and 
sank  about  2  ft.  Three  deep  exploration  shafts  were  sunk  to  determine 
the  actual  geological  conditions,  and  it  was  found  that  the  underlying 
rock  had  a  steep  slope  and  was  covered  with  a  bed  of  moist  clay,  so 
that  there  was  no  hope  of  making  the  bank  stable.  This  is  shown  by 
the  section.  Fig.  9. 

The  new  plan  adopted  w-as  to  throw  the  line  back  into  the  hill  so 
as  to  lie  in  the  rock,  crossing  the  ravine  filled  with  the  treacherous 
material  by  a  truss  bridge,  supported  on  the  rocky  sides.  The  line  was 
therefore  continued  in  tunnel  right  to  this  bridge;  part  of  ihis  tunnel 
coincided  with  a  great  longitudinal  fault  in  the  rock,  and  one  side  had 
to  be  supported  on  an  arch,  while  cross  walls  or  buttresses  were  built 
from  the  side  wall  to  the  face  of  the  rock.  This  is  shown  in  Fig.  10. 
Beyond  the  bridge,  the  line  was  built  partly  in  a  masonry  gallery  along 
a  side-hill  cut,  the  gallery  resembling  a  tunnel  (but  built  in  the  open), 
and  having  arched  openings  in  the  down-hill  side  (Fig.  11).  This  diver- 
sion or  deviation  line  cost  about  $54,000. 

On  the  Albula  Railway',  in  Switzerland,  very  heavy  mountain  works 
were  required,  and  many  tunnels  and  masonry  viaducts  (the  latter  with 
piers  carried  to  considerable  depths)  were  built  in  preference  to  open 
cuts  in  steep  side-hill  ground,  where   heavy   retaining   walls   would  have 
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been  required.  Much  of  the  work  was  in  loose  material,  overlying 
steep  rock  slopes,  and  liable  to  slides.  Open  cuts  often  exposed  strata 
of  wet  clayey  material,  very  unstable,  and  in  some  cases  the  pressure 
caused  this  to  slip,  with  the  result  that  the  entire  superincumbent  mass 
went  with  it.  In  most  cases  rapid  timbering  of  the  style  shown  in 
Fig.  12  enabled  the  movement  to  be  checked  temporarily,  while  very 
heavy  retaining  walls  were  built,  as  shown  in  Fig.  13.  In  one  case 
on  the  Cugneler  division,  an  extremely  heavy  wall  with  a  face  batter 
of  J^  to  I  was  used,  having  courses  laid  perpendicular  to  the  face,  so  as 
to  aid  the  resistance  to  sliding  under  the  pressure  from  behind.  The 
wall   was   not  carried   the   full   height   of   the   cut,   but   only   high   enough 
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to   hold   back   the   treacherous    stratum,    while    the   weiglit   of    the    upper 
stratum  of  good  material   rested  on  top  of  the  wall. 

The  relations  of  geological  conditions  to  certain  forms  of  slides 
are  described  in  a  recent  paper  on  "Geology  in  Relation  to  Engineer- 
ing," in  "The  Engineer,"  of  London.  Fig.  14  illustrates  a  case  where 
a  railway  embankment  on  side-hill  ground  was  undermined  by  the 
surface  water  flowing  down  the  hillside,  so  that  the  bank  slipped  bodily, 
and  at  the  same  time  spread  out  at  the  base.  This  was  remedied  by 
cutting  a  ditch  parallel  with  the  upper  toe  of  the  bank,  and  then  tun- 
neling through  the  bank  for  culverts  to  carry  the  water  to  the  lower 
side.  It  is  stated  that,  with  the  strata  shown,  the  bank  would  hardly 
have  been  expected  to  give  way,  as  a  large  portion  of  the  water  would 
naturally  soak  away  into  the  ground,  while  the  probability  of  a  collapse 
would   have   been   greater   if   the    surface   had   been    of   a    rocky   nature. 
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It  is  most  likely,  however,  that  the  loam  became  so  saturated  as  to 
be  unstable,  and  unable  to  carry  the  load  due  to  the  bank,  as  in  the 
case  of  the  French  railways  noted  above. 

Cuts  which  are  apt  to  be  very  troublesome  are  those  passing  through 
clays  which  are  apparently  very  stiff  when  dry  (or  nearly  so),  and 
will  stand  at  slopes  of  i  to  i,  or  lYz  to  i,  when  freshly  excavated,  but 
which  turn  almost  to  mud  after  being  exposed  to  the  air  and  weather 
for  some  time,  and  will  then  only  be  stable  at  slopes  of  3,  4  or  6  to  i. 
The  only  alternatives  are  (i)  to  use  a  flatter  slope  (which  may  require 
the  purchase  of  more  land)  ;  (2)  to  excavate  a  large  portion  of  the 
slope,  burn  it  like  clay  for  ballast,  and  then  replace  it;  or  (3)  to  drain 
the  slope  by  cutting  trenches  in  the  face  and  filhng  them  with  stone, 
afterward  forming  the  cut  to  its  original  or  a  flatter  slope,  if  possible. 
The  way  in  which  the  sides  of  such  a  cut  will  slip  is  shown  in  Fig.  15. 
An  instance  of  a  slip  in  a  cut  on  a  German  railway  is  shown  in 
Fig.  16,  and  shows  the  action  of  a  slide  against  the  inclination  of  the 
strata,  as  in  a  case  on  the  PariSj  Lyons  &  Mediterranean  Railway, 
already  described.  On  this  German  line  the  cut  was  through  side-hill 
ground,  with  alternate  layers  of  sandy  gravel  and  clay.  The  surface 
drainage  after  heavy  rains  passed  down  the  slope  on  the  upper  side 
and  into  the  track  ditch  without  doing  any  damage.  On  the  lower  side, 
however,  it  percolated  through  the  strata  until  they  were  so  saturated 
that  masses  would  slide  into  the  cut,  as  shown  by  the  dotted  lines.  In 
some  cases  it  required  forty  years  for  this  result  to  develop.  Cuts 
through  side-hill  ground  in  such  formations  as  the  lias,  which  consists 
of  alternate  strata  of  rock  and  shale,  etc.,  and  w^hich  strata  may  dip 
at  a  steep  angle,  should  be  carefully  watched  for  landslides ;  these  are 
very  liable  to  occur,  especially  after  hard  frosts,  rain  and  snow.  The 
water  penetrates  the  fissures,  and  by  its  freezing  and  swelling  disin- 
tegrates the  shale ;  the  result  is  that  the  rock,  losing  its  support, 
and  shaken  by  the  vibration  due  to  passing  trains,  breaks  away  and 
falls  into  the  cut,  as  shown  in  Fig.  17.  During  the  excavation  of  such 
a  cut,  the  dip  of  the  strata  should  be  measured  and  plotted  as  a  cross- 
section,  so  as  to  show  if  trouble  of  this  kind  is  likely  to  occur. 

It  has  been  suggested  that  tile  may  be  economically  used  in  land 
drainage  work  of  the  kind  referred  to,  but  it  is  evident  that  it  would 
be  of  little  use  in  such  treacherous  soil,  as  that  encountered  by  the 
French  railways  mentioned.  A  very  slight  movement  or  slip  would 
dislocate  and  disconnect  the  drains,  rendering  them  useless.  With  the 
stone-filled  trenches,  however,  considerable  distortion  may  take  place 
without  interrupting  the  continuity  of  the  drain.  On  many  European 
railways  considerable  trouble  has  been  experienced  from  slides  in  wet 
cuts  and  in  wet  lands,  and  the  use  of  drains  formed  of  trenches  filled 
with  stone  is  very  general.  In  all  the  cases  mentioned,  the  aim  has  been 
to  secure  permanent  stability  and  safety,  and  not  merely  a  temporary 
relief. 
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AN    UNRECORDED    PROPERTY    OF    CLAY. 

(Reprint  from  Transactions  Canadian  Society  of  Civil  Engineers,  December, 

1902.) 

Some  years  ago  the  writer  found  that  ordinary  clay,  such  as  used 
in  the  manufacture  of  bricks,  and  commonly  spoken  of  as  plastic  clay, 
would,  if  dried  sufficiently  to  remove  nearly  all  its  moisture,  lose  its 
cohesive  properties,  and  would,  if  water  were  afterward  applied  to  it 
in  considerable  quantities,  become  an  almost  liquid  mud.  On  the  other 
hand,  clay  which  has  not  been  so  dried  will  not  absorb  any  more  water, 
and  will  lose  only  some  of  its  outside  particles  in  the  washing.  The 
writer  has  been  unable  to  find  any  reference  to  this  property  of  the 
material  in  question  in  the  text-books  at  his  disposal. 

It  came  to  his  notice  under  the  following  circumstances :  The  main 
line  of  the  Canadian  Pacific  Railway  runs  for  nearly  150  miles  through 
a  portion  of  British  Columbia,  situated  between  the  eastern  slope  of 
the  Cascade  Range,  and  the  western  slope  of  the  Gold  Range.  There 
is  no  regular  rainfall  over  this  area,  and  crops  cannot  be  grown  without 
irrigation.  A  good  many  thunderstorms  do  occur  in  the  summer,  but 
only  over  very  limited  areas,  and  the  rainfall  from  them  runs  away 
quickly  without  soaking  into  the  ground  to  more  than  a  depth  of  one 
or  two  inches,  and  is  dried  ofif  in  a  few  hours  by  the  rapid  evaporation 
incident  to  the  region.  These  characteristics  are  especially  pronounced 
in  the  central  part  of  the  area  mentioned.  The  farming  lands  are 
situated  on  benches,  sometimes  two  hundred  feet  or  more  above  the 
level  of  the  railway,  which  runs  along  the  valley  of  the  Thompson 
river,  and  at  no  great  distance  from  the  bank.  Hay  is  the  most  valuable 
crop  raised,  and  is  used  to  winter  cattle,  and,  with  sufficient  irrigation, 
several  crops  of  it  can  be  obtained  in  each  season.  Water  has,  there- 
fore, been  lavished  upon  the  fields  for  nearly  forty  years,  and  has,  in 
the  opinion  of  the  writer,  been  the  cause  of  numerous  land  slides,  one 
of  the  greatest  of  which  occurred  in  1881,  when  about  100  acres  slid 
forward  for  nearly  a  quarter  of  a  mile,  falling  in  that  distance  about 
300  feet,  and  completely  blocking  the  Thompson  river  for  about  three 
days  by  forming  a  dam  seventy-five  feet  or  more  in  height.  Many 
similar  slides  on  a  smaller  scale  have  occurred  since  that  date,  but, 
generally,  with  slower  movement  and  less  disastrous  effect.  One  of 
these  is  of  large  area  and  includes  a  portion  of  the  railway  line ;  it 
has  required  constant  watching  and  has  been  a  cause  of  much  anxiety 
to  the  railroad  officials,  because,  although  its  forward  progress  has  been 
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slow,  it  has  begun  to  move,  year  after  year,  at  a  date  about  three  months 
after  the  beginning  of  the  irrigation  season,  and  has  continued  moving 
for  about  the  same  period  of  time.  In  1886  the  Canadian  Pacific 
Railway  Company  took  legal  proceedings  against  the  parties  irrigating 
the  fields  above  this  slide,  and  it  devolved  upon  the  writer  to  furnish 
the  legal  advisers  for  the  company  with  evidence  to  prove  that  the 
slide  was  due  to  the  action  of  irrigation  water.  An  investigation  was 
made  by  the  writer  in  consultation  with  experts  employed  by  the 
company.  At  the  slides  were  found  beds  of  clay  so  exceedingly  dry 
and  hard  as  to  have  the  appearance  of  soft  sandstone,  and  still  retaining 
the  marks  of  picks  in  the  slopes  of  railway  cuttings,  where  dressed  many 
years  ago.  When  a  block  of  this  dry  indurated  clay  was  placed  in  a 
soup  plate  and  water  dropped  upon  it  the  clay  absorbed  50  per  cent,  of 
its  own  weight  without  anj'  change  of  form  or  other  visible  effect,  but 
when  it  had  absorbed  about  60  per  cent,  of  water,  its  structure  com- 
pletely collapsed  and  it  became  as  fluid  as  water.  This  was  considered 
by  us  as  conclusive  evidence  that  the  irrigation  water  which  had  been 
poured  for  weeks  and  months  on  these  beds  of  clay  had  been  the  cause 
of  the  slide,  but,  in  court,  this  argument  was  met  by  a  demand  from 
the  opposing  counsel  to  be  told  why  the  bluffs  of  this  material,  which 
were  washed  at  their  base  by  the  river,  did  not  disintegrate  and  slide. 
Several  ingenious  theories  were  offered  to  account  for  this,  but  were 
not  convincing,  and  the  writer  now  thinks  that  it  was  because  these 
bluffs  had  never  been  dried  out  below  high-water  mark,  and  the  material 
in  them,  therefore,  did  not  possess  the  property  of  soaking  up  water 
and  of  finally  collapsing.  In  all  probability  the  jury  was  influenced  by 
the  evidence  that  no  slides  had  occurred  before  the  commencement  of 
irrigation,  and  that  there  was  irrigated  land  in  the  rear  of  each  slide. 

A  year  or  more  after  the  trial  the  writer,  while  experimenting  on 
some  clay,  which  had  been  dried  for  other  purposes,  found  that  it  gave 
the  very  same  results  as  the  dry  clay  from  the  interior  of  the  province. 
This  led  to  experiments  with  other  clay,  and  it  was  found  that  they 
all  lost  their  cohesive  properties  when  the  moisture  was   removed. 

It  is  probable  that  this  property  of  clay  has  been  the  cause  of 
many  of  the  landslides  which  have  occurred  this  year  in  the  valley 
of  the  Oldman  and  Belly  Rivers,  between  Medicine  Hat  and  the  Crow's 
Nest  Pass,  for  there  has  been  an  exceedingly  heavy  rainfall  over  these 
valleys  during  the  year  for  the  first  time  since  they  have  become  known. 

A  remarkable  landslide  occurred  in  almost  level  countr\'  bordering 
the  Riviere  Blanche,  Quebec,  in  1898.  A  careful  investigation  was  made 
of  the  characteristics  of  the  clay  in  question,  and  the  results  were  pub- 
lished in  the  Bulletin  of  the  Geological  Society  of  America,  Vol.  10, 
1889,  from  which  the  following  quotation  is  taken : 

"At  half  past  five  in  the  morning  the  inhabitants  were  alarmed 
by  the  movement  of  the  soil,  which  then  suddenly  began  and  continued 
for  three  or  four  hours.     The  immediate  bank  of  the  river  valley  appears 
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in  the  first  place  to  have  given  way  along  a  front  of  about  two  hundred 
feet  in  width,  and  the  gap  thus  made  rapidly  extended  inland,  forming 
an  opening  through  which  a  great  body  of  clay  behind  rushed  tumultu- 
ously  out  into  the  Blanche  Valley.  At  a  short  distance  from  the  bank 
of  .the  valley  the  width  of  the  area  affected  greatly  enlarged,  the  sides 
of  the  depression  collapsing  and  falling  into  the  gulf,  until  a  crater-like 
hollow  of  bottle-shaped  outline  and  opening  on  the  valley  by  a  narrow 
neck  was  produced. 

"It  will  be  noted  that  the  Leda  clay  here  contains  a  considerable 
proportion  of  silt  as  compared  with  the  argillaceous  matter  proper. 
This  large  amount  of  silty  matter  would  render  the  clay  unusually  per- 
meable, and  it  seems,  therefore,  to  be  probable  that  the  water  saturated 
the  mass  by  descending  directly  through  it  from  the  surface,  in  a  man- 
ner which  would  not  have  been  possible  in  the  case  of  the  more  purely 
argillaceous  clays  of  the  same  age  usually  found. 

"In  Rankine's  Civil  Engineering  it  is  stated  that  'the  presence  of 
moisture  in  earth  to  an  extent  just  sufficient  to  expel  air  from  its  crevices 
seems  to  increase  its  coefficient  of  friction  slightly ;  but  any  additional 
moisture  acts  like  an  unguent  in  diminishing  friction  and  tends  to  reduce 
the  earth  to  a  semifluid  condition,  or  to  the  state  of  mud."  It  appears 
probable  that  in  this  particular  instance  the  silty  clay,  surcharged  with 
water,  stood  in  a  condition  of  unstable  equilibrium,  retaining  its  solidity 
merely  by  virtue  of  its  unbroken  molecular  texture,  and  that  at  the 
moment  in  which  it  became  subject  to  internal  movement,  this  texture 
gave  way  and  it  lapsed  into  a  nearly  liquid  mass,  the  particles  re-arrang- 
ing themselves  with  some  freedom  in  the  water  previously  locked  up  in 
its  pores. 

"The  fact  that  many  clays  when  once  completely  dried  and  then 
immersed  in  water  lose  their  plastic  character  and  crumble  down  into 
an  incoherent  mud,  shows  that  the  natural  texture  is  an  important  ele- 
ment in  their  coherence  and  plasticity,  and  one  which  does  not  appear  to 
have  been  fully  recognized  in  connection  with  experiments  on  clays  and 
soils. 

"The  high  specific  gravity  of  the  fluent  portion  of  the  mass  in  this 
case  no  doubt  enabled  it  to  carry  the  unbroken  blocks  of  clay  along  that 
were  supplied  by  the  collapsing  sides  of  the  crater-like  depression  which 
was  immediately  formed,  and  when  not  subjected  to  stress  these  blocks 
continued  to  retain  their  original  firmness  and  form. 

"The  fact  that  the  great  mass  of  moving  material  was  discharged 
through  a  comparatively  narrow  orifice,  shows  that  the  bank  of  the  valley 
through  which  it  passed  was  much  firmer  in  character  than  the  clay 
forming  the  subsoil  of  the  plain  behind.  This,  no  doubt,  arose  from  the 
natural  drainage  of  the  clay  along  the  bank  preventing  its  complete  satura- 
tion. 

"Inquiries  made  on  the  spot  showed  that  no  excessive  rains  had  oc- 
curred immediately  preceding  the  slip,  but  that  a  great  depth  of  snow  lay 
upon  the  ground  during  the  latter  part  of  the  preceding  winter.    It  appears 
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that  the  total  precipitation  (in  rain  or  melted  snow)  for  the  months  of 
November  and  December,  1897,  and  in  January,  March  and  April,  1898, 
was  slightly  below  the  normal  for  the  past  twenty- four  years,  but  that  in 
February,  1898,  it  was  two  inches  above  the  average,  in  the  form  of  an 
abnormal  excess  of  snowfall  in  that  month  of  17.9  in.,  the  total  snowfall 
for  February,  being  44.2  in.  The  ground  was  thus  heavily  burdened"  with 
snow  in  the  later  winter.  During  April  most  of  this  melted  and  the  soil 
itself  thawed,  permitting  the  absorption  of  the  water  and  resulting,  early 
in  May,  when  the  clay  beds  had  thus  become  thoroughly  saturated,  in 
the  landslip  which  has  been  described. 

''The  only  way  in  which  the  recurrence  of  such  slips  in  regions  of 
country  of  the  same  character  and  under  similar  exceptional  conditions 
of  precipitation  can  be  guarded  against  appears  to  be  the  provision  of 
effective  surface  drainage,  such  as  to  carry  off  the  excess  of  water  before 
the  rather  slow  process  of  absorption  by  the  subjacent  clays  can  take 
place."  ,       :      -i 

The  following  extract,  taken  from  the  Geological  Report  of  the  State 
of  Indiana,  1895,  related  to  the  question  under  discussion : 

"Plasticity. — It  is  this  property  which  causes  clay,  when  wet  with 
water,  to  become  a  tough  pasty  mass,  readily  capable  of  being  fashioned 
into  any  form  by  the  hands  or  moulds ;  and  when  so  fashioned,  to  retain 
its  shape  while  being  carried  to  the  drying  room  or  kiln.  Very  few  other 
minerals  or  artificial  compounds  possess  this  peculiar  and  important  prop- 
erty. Particles  of  iron,  sandstone  or  limestone  are  almost  wholly  non- 
plastic,  and,  when  wet,  will  not  cohere  to  any  great  extent. 

"The  cause  of  the  plasticity  of  clays  is,  as  yet,  a  mooted  question 
among  scientists.  Many  of  the  purer  residual  clays,  i.  e.,  those  which  have 
been  formed  in  the  place  where  they  are  now  found,  are  almost  non- 
plastic.  When  examined  under  the  microscope  such  clays  appear  to  be 
largely  made  up  of  small  six-sided  crystalline  plates  or  scales,  arranged 
in  bundles  and  surrounded  by  numerous  smaller  unattached  scales.  When 
such  clays  are  ground  fine  and  the  crystallization  structure  of  the  plates  in 
part  destroyed,  they  become  much  more  readily  plastic.  A  reexami- 
nation under  the  glass  then  shows  that  the  plates  which  still  retain 
their  crystalline  form  are  imbedded  in  a  matrix  made  up  largely  of  the 
particles  of  those  which  have  been  destroyed. 

"Now,  our  natural  clays,  which  are  most  plastic,  are  sedimentary,  or 
those  which  have  been  carried  by  water  or  ice  to  the  places  they  now 
occupy.  In  their  journeyings  they  have  been  ground  and  re-ground,  their 
crystalline  structure  destroyed,  and  their  particles  reduced  to  a  very  fine 
condition,  and  thus  rendered  more  susceptible  to  cohesion  with  particles 
of  water.  It  is  true  many  of  them  may  have  been  consolidated  into  shales 
and  slates,  but  most  of  these,  by  repeated  grinding,  are  again  rendered 
plastic.  The  property  of  plasticity,  therefore,  appears  to  depend  largely 
upon  the  absence  of  crystalline  structure  in  the  clay  base  or  kaolinite,  and 
the  fineness  to  which  the  particles  mixed  with  this  have  been  reduced.  A 
further  proof  of  this   is   seen   in    the     effect    produced    by    'weathering.' 
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Clays  which  are  mined  in  autumn  and  exposed  to  rain  and  frost  through- 
out the  winter  have  the  crystalline  structure  of  their  kaolin  more  or  less 
broken  up  by  alternate  freezing  and  thawing.  Their  degree  of  fineness 
is  at  the. same  time  increased,  rendering  them  more  highly  plastic,  and, 
therefore,  more  readily  moulded  into  any  desired  shape. 

"That  plasticity,  to  a  certain  extent,  depends  upon  the  presence  of 
combined  water  in  the  clay  base,  is  shown  by  the  fact  that  luhen  heated 
to  redness  and  this  wafer  driven  off,  the  clay  loses  its  plastic  quality. 
Brick  dust  or  burned  clay  may  be  ground  tine  and  moistened,  but  unless 
mixed  zvitli  some  unburned  plastic  material  the  particles  iinll  not  cohere. 

"Some  clays  possess  too  great  a  degree  of  plasticity  and  are  called 
'lean'  clays.  This  fault  can  be  easily  remedied  by  mixing  with  a  more 
non-plastic  clay.  On  the  other  hand  many  common  brick  clays  which  are 
too  non-plastic  for  use,  have  from  earliest  times  been  moulded  with  straw 
to  give  them  sufficient  tenacity  to  be  handled  while  being  placed  in  the 
kiln." 

A  writer  stated  that  we  called  all  earths  clay,  whether  in  loose 
particles  of  inorganic  matter,  or  in  a  soft  plastic  condition ;  the  character- 
istic ingredients  were  alumina,  silica  and  water.  The  properties  of  all 
clays  would  vary,  as  the  decomposed  rock  surfaces,  from  which  they  came 
would  vary,  and  as  the  drift,  borne  from  far  and  near,  containing  alumi- 
nous minerals,  might  become  incorporated  with  them.  Brick  clay,  contain- 
ing some  iron  and  turning  a  red  color  when  burned,  was  frequently  met 
with.  Fire  brick  clay,  a  variety  entirely  free  from  iron,  lime,  or  an  alkali, 
and,  therefore,  infusible,  was  very  rare.  Fatty  clays — chemical  com- 
pounds of  water,  silica  and  alumina — were  common.  Porcelain  clay, 
formed  chiefly  from  the  decomposition  of  feldspar,  was  rarely  met  with, — 
and  potters'  clay,  a  pure  kind,  free  from  iron,  was  also  of  rare  occcurence. 
There  were  what  were  known  as  The  Rare  Earths,  that  were  understood 
to  be  of  great  scientific  importance.  It  was  asserted  that  there  was 
scarcely  a  great  chemist  who  had  not,  at  some  time  or  other  within  the 
last  fifty  years,  attacked  the  knotty  question  of  analyzing  them,  and 
seldom  with  satisfactory  results. 

In  dealing  with  these  earths,  the  trouble  lies  in  their  close  resemblance 
to  one  another.  This  same  trouble  was  one  of  the  chief  reasons  for  the 
appearance,  on  several  occasions,  of  elements  which  seemed  to  have  a 
fair  claim  to  a  separate  existence,  and  which  required  considerable  time 
and  skill  to  prove  their  non-existence.  The  ordinary  re-agents  of  the 
pseudo  chemist  acted  so  similarly  upon  them,  that  their  properties  for 
absorption,  emission,  and  detrusion  were  not  generally  known  to  the  engi- 
neer, except  by  abstract  reasoning  from  slight  color  changes. 

Underlying  the  "coal  measures"  in  Nova  Scotia,  was  the  gypsum, 
with  a  composition  of  about  47  per  cent,  of  sulphuric  acid,  21  per  cent, 
of  water,  and  32  per  cent,  of  lime.  In  many  parts  of  the  carboniferous 
districts,  the  denudation  from  the  coal  measures  was  mixed  up  with  it, 
and  gave  much  trouble,  to  engineers  and  contractors,  in  striving  to  arrest 
sliding  and  to  maintain  the  slopes  of  both  cuttings  and  embankment,  dur- 
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ing  the  spring  and  rainy  seasons.  The  same  remarks  would,  more  or  kss, 
apply  to  the  carbonate  of  lime  in  the  marls  of  Ontario,  resulting  from  the 
denudation  of  the  Trenton  and  other  limestone  rocks.  An  intermixture 
of  common  clay  with  gypsum,  marly,  or  with  fatty  ingredients  was  liable 
to  give  trouble.  Slopes  as  flat  as  one  and  one-half  to  one,  or  two  to  one, 
would  slide  in  the  rainy  season,  or  when  the  thaw  of  spring  dissolved  and 
cast  up  the  frozen  surface,  making  it  susceptible  to  infiltration.  On  the 
contrary,  the  decomposition  of  Trap,  Cambrian  or  Huronian  rock  would 
rest  at  one  to  one,  and  between  these  extremes  there  were  many  series  to 
be  dealt  with. 

Particles  of  fine  stone,  especially  of  silicious  stone,  but  not  reduced 
to  powder  or  dust,  commiimted  stone  in  grains  incoherent  when  w-et,  were 
called  sand.  If  the  particles  were  coarse,  they  were  called  gravel.  Where 
the  cla}-,  sand,  and  gravel  alternate  in  layers,  and  course  across  an 
excavation  or  railway  cutting;  the  water  found  ready  vent  through  the 
sand  beds,  and  carried  with  it  all  soft  deposits  of  clay, — hence  the  slips  or 
"caves  in,"  to  which  we  were  so  accustomed.  Drainage  was  the  only 
remedy  the  engineer  could  apply  to  intercept  or  arrest  these  slips  or  slides, 
and  a  study  of  the  nature  of  the  material  to  be  dealt  with,  would  help 
practical  application  in  dealing  with  them. 

The  Canadian  geologists  recorded  surface  observations,  as  to  not  only 
the  nature  of  the  rocks,  but  their  distribution,  dip,  strike,  glaciation  and 
superficial  deposits,  and  as  they  were  always  willing  to  impart  the  lesult 
of  their  observations,  they  might  be  induced  to  examine  into  the  unre- 
corded properties  of  this  clay,  the  subject  of  the  paper.  ' 

Another  writer  noted  that  clay  was  the  result  of  the  decomposi- 
tion and  gneiss  rocks.  The  feldspar  and  mica  in  these  rocks  were 
attacked  by  the  atmosphere.  The  feldspar  was  decomposed  by  the  carbonic 
acid  in  the  rain  water  and  the  carbonic  acid  gas  of  the  atmosphere  com- 
bining with  the  base  of  the  feldspar.  The  quartz  and  mica  were  separated 
and  carried  ofif  by  the  water  or  mixed  with  clay  in  varying  proportions; 
the  more  quartz  and  mica  the  water  carried  off,  the  purer  the  clay. 

Quartz  was  present  in  all  clays,  usually  in  grains  from  1-30  of  an 
inch  to  dust  in  the  finest  state  of  subdivision ;  although  some  of  the  finest 
New  Jersey  kaolins  showed  as  little  as  2-10  of  one  per  cent,  of  quartz. 
The  decomposed  feldspar  was  itself  a  soft  pulverulent  clay  in  a  state  of 
very  fine  subdivision,  the  size  of  the  particles  being  from  1-5000  to  1-25000 
of  an  inch.  It  was  capable  of  being  held  in  suspension  in  water  and 
transported  to  great  distances.  When  dry,  it  was  soft  and  pliable  and 
adhered  to  the  tongue.  When  shaken  in  water,  it  made  it  mechanically 
turbid.  When  moist,  it  was  plastic,  and  when  mixed  with  water  it 
became  mud. 

In  the  author's  experiments  with  clay,  two  important  things  have 
not  been  recorded,  viz. :  the  loss  of  weight  and  the  shrinkage  in  drying. 
The  purest  clay  was  kaolin,  which  contained : 

Silica   (Si    o,)  =  46.3  per  cent. 

Alumina   (AU  O3)   =  39.8  per  cent. 

Water    (H2   o  )  =  13.9  per  cent. 
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The  mass  was  of  a  mealy  nature,  had  a  white  pearly  lustre  and  a 
soapy  feel.  The  microscope  reveals  a  crystalline  structure  which  varies 
in  perfection  in  different  samples.  Some  are  composed  of  masses  of 
hexagonal  plates  or  scales  piled  up  in  long  bundles  or  faces,  and  masses 
of  unattached  scales  nearly  perfect.  When  these  scales  are  broken  by 
mechanical  grinding  or  kneading,  the  clay  becomes  more  plastic. 

This  would  indicate  that  any  movement  or  breaking  up  of  a  body  of 
clay  by  frost  or  otherwise,  favored  slips,  which  was  according  to  experi- 
ence. 

Pure  clay  when  damp  or  moist  was  impervious  to  water ;  and  when 
a  sheet  of  water  without  hydrostatic  pressure  flowed  constantly  over  the 
surface,  or  when  the  surface  was  always  kept  damp,  the  clay  was  pre- 
vented from  shrinking  and  forming  cracks,  and  water  could  not  penetrate. 


Fig.  I. 


Clay  had  the  following  properties : 

Would  shrink  naturally  in  drying.  .2  per  cent,  to  25  per  cent,  of  its  volume. 
Specific  gravity dry  clay,  1.7 

"  "         water-soaked  clay,  2.52 

"  "         of  solid  particles  in  clay,  2.40 

Percentage  of  open  spaces 0.58  to  0.65  of  volume. 

Particles  in  size 1-5000  to  1-25000  of  an  inch. 

Color,  when  burned :     White,  yellow,  red. 

Increases  in  bulk  when  removed  from  pit  to  fill 6  per  cent. 

Would    shrink    later 15  per  cent. 

and  finally  reduce  to 95  per  cent,  of  original  volume. 

Water-holding  capacity  might  be  up  to  60  per  cent  of  its  weight. 
Angle  of  repose,  vertical  when  dry. 

"       "        "        horizontal  when  water-soaked. 

"      "        "        one  on  three  when  exposed  to  the  weather, 
and  the  slopes  would  be  approximately  as  shown  by  Fig.  i : 
The  first  part  from  the  toe  sloping  up  one  on  two. 
The  next  part  sloping  up  one  on  five, 
and  the  next  part  sloping  up  one  on  one  and  one-half. 

When  dredging  was  done  in  still  water,  the  clay  banks  would  stand 
up  vertically  for  a  long  time ;  but  where  there  was  a  great  rise  and  fall 
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of  tide,  and  bottom  currents  were  formed,  the  vertical  face  left  by  the 
dredge  would  flatten  down  to  i  on  2^  or  i  on  3  within  six  months. 

In  large  bodies  of  clay,  vertical  and  diagonal  seams  existed,  and  the 
mass  had  a  rough  cubical  jointing,  as  was  seen  in  stone  quarries.  It  was 
supposed  that  these  seams  were  due  to  the  pressure  of  the  overlying  ice 
sheet.  When  the  clay  contracted  by  drying,  other  vertical  seams  were 
formed,  and  water  penetrated  into  the  mass  by  way  of  these  seams  only, 
because  the  particles  of  the  clay  being  only  from  1-5000  to  1-25000  of  an 
inch  in  diameter,  lay  so  closely  together  that  the  water  could  not  readily 
pass  through  the  voids  between  them.  The  hydrostatic  pressure  in  the 
seams  would  cause  other  seams  to  open  successively  closer  and  closer 
together,  until  the  cohesion  of  the  whole  mass  was  destroyed,  and  the  semi- 
fluid mass  flowed  in  the  line  of  least  resistance.  This,  on  a  small  scale, 
was  what  happened  to  the  author's  specimen  when  it  "collapsed  and 
became  as  fluid  water." 

After  a  period  of  wet  weather,  the  seams  closed  and  the  .water  was 
imprisoned.  It  might  sink  deeper  into  the  existing  seams,  or  might 
cause  the  opening  of  several  new  seams,  or  the  opening  of  a  new  seam 
which  would  allow  the  movement  of  a  large  body  of  clay  in  one  mass. 
The  molecules  of  clay  were  always  moving;  and  the  finer  they  were,  the 
deeper  would  the  seams  penetrate;  water  reaching  further  into  clay  than 
into  any  other  material. 

Water  would  enter  a  certain  distance  into  silicious  earth  having  very 
fine  grains ;  further  still  into  vegetable  earth  or  mould ;  still  further  into 
calcareous  earth ;  and  furthest  of  all  into  clay.  Clay  cracks  had  been 
observed  in  Dakota  30  ft.  long  and  6  in.  wide  at  the  surface. 

Almost  every  clay  mass  was  made  up  of  layers  of  comparatively  pure 
clay  separated  by  thin  layers  of  sand;  and  some  of  these  sand  layers  might 
be  so  extremely  thin  that  they  were  not  noticeable  with  the  naked-eye — 
simply  a  layer  of  the  finest  dust,  and  yet  they  separated  the  clay  layers  so 
effectively  that  in  a  pit,  where  pottery  clay  was  being  excavated  at 
Enfield,  N.  S.,  the  horizontal  layers  of  clay  of  about  three  inches  in  thick- 
ness were  cut  into  pieces  with  a  spade,  and  separated  by  lifting  one  layer 
off  the  other,  as  one  would  a  pile  of  bricks. 

When  these  sand  layers  sloped  towards  a  wall  or  cutting,  retaining 
walls  were  often  unable  to  resist  the  thrust. 

In  Fig.  2,  ordinarily  the  mass  tended  to  slide  along  CX ;  but  suppose 
I  E  to  be  a  sand  layer  or  water-bearing  seam,  when  the  fissure  B  D, 
caused  by  the  shrinkage  of  the  clay,  came  near  enough  to  I  E,  the 
hydrostatic  pressure  in  the  fissure,  B  D  would  cause  the  whole  mass 
A  B  F  I  to  slide  forward  on  the  seam  or  natural  sliding  slope  I  E  and 
assume  the  curve  of  equilibrium  approximately  as  per  dotted  line.  This 
was  doubtless  what  occurred  at  several  places  on  the  banks  of  the  Sou- 
langes  canal. 

Slips  would  most  frequently  occur : 

(i)  After  a  period  of  drought,  when  a  sudden  rain  filled  the  cracks 
in  the  clay;  usually  most  frequent  about  the  end  of  August. 
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(2)  At  low  water,  when  the  toe  of  the  bank  was  unsupported  and 
the  water  was  flowing  out  of  the  sand  seams. 

(3)  'When    the    barometer    was    low,    and    the    atmosphere  pressure 
least. 

(4)  In  the  night,  when  evaporation  was  least. 


For  a  case  like  Fig.  2,  it  would  be  necessary  to  dry  the  ground  by  a 
parallel  drain  G  H,  as  low  as  the  cut,  and  discharging  away  from  it;  to 
put  on  an  impermeable  covering  between  A  and  G,  so  that  the  surface 
would  not  crack ;  and  to  secure  the  toe,  which  was  the  weakest  part,  by 
putting  the  footings  of  the  wall  down  deeply  into  the  ground. 

The  impermeable  covering  might  be  made  by  placing  on  the  surface 
2   in.   of  gravel,  and  next,  one  or  two   feet  of  semi-permeable   material. 


Fig.  3 

such  as  the  vegetable  mould  or  sawdust.  Occasional  transverse  drains 
into  the  cutting  from  the  gravel  stratum  would  be  needed  to  take  care 
of  the  small  quantity  of  water  which  would  reach  the  gravel. 

A  dry  porous  packing  at  the  back  of  a  retaining  wall,  which  would 
allow  the  clay  to  swell  without  afifecting  the  wall,  together  with  3  in.  by 
8  in.  weep-holes,  16  feet  apart,  might  be  the  means  of  saving  the  wall, 
when  otherwise  it  might  be  destroyed  by  the  back  pressure. 

In  a   case   like   Fig.   3,   where    sand   seams   cross   a   cutting,    dipping 
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slightly  from  the  horizontal,  the  ditch  on  the  left  side  would  be  full  of 
water,  and  that  on  the  right  side  would  be  dry;  but  slides  would  occur 
on  this  side  from  the  rain-water  running  in  as  shown  by  the  arrows.  The 
clay  had  been  known  to  slide  in  a  similar  case  up  an  incline  of  i  in  lo. 

Blue  clay  soil  used  for  stone-ware  and  pipe  was  usually  composed  as 
follows : 

Organic  matter  2.61  per  cent. 

Medium  sand — particles  1-50  to  i-ioo  of  an  inch 0.29  per  cent. 

Fine  sand — particles  1-50  to  1-500  of  an  inch 1.27  per  cent. 

Very  fine  sand — particles  1-300  to  1-500  of  an  inch 8.93  per  cent. 

Silt,    vegetable    matter   and    fine    sand — particles    1-500   to 

1-2500   of   an    inch    20.16  per  cent. 

Fine   silt,  vegetable  matter   and   very  fine   sand — particles 

1-2000  to  1-5000  of  an  inch 16.72  per  cent. 

Clay — particles   1-5000  to   1-25000  of  an  inch 50.02  per  cent. 

100.00  per  cent 

Red  clay  soil   (used  for  tiles)   was  usually  composed  as  follows: 

Organic  matter  6.24  per  cent. 

Medium  sand — ^particles  1-50  to  i-ioo  of  an  inch 0.50  per  cent. 

Fine  sand — particles  i-ioo  to  1-500  of  an  inch 2.63  per  cent. 

Very  fine  sand — particles  1-300  to  1-1500  of  an  inch 9.62  per  cent. 

Silt,   vegetable    matter   and    fine    sand — particles    1-500    to 

1-5000  of  an   inch 25,13  per  cent. 

Fine  silt,  vegetable  matter  and  very  fine  sand — particles 

1-2000  to   1-5000  of  an   inch 13-44  per  cent. 

Clay — particles    1-5000  to    1-25000  of    an   inch 42.44  per  cent. 

100.00  per  cent. 

After  an  examination  of  a  larg'e  number  of  clay  analyses,  it  seemed 
safe  to  assume  that  the  clay  containing  the  largest  proportion  of  kaolin, 
potash  and  water,  would  slide  most  readily  and  that  the  clay  containing 
the  largest  proportion  of  sand  and  gravel  would  slide  least ;  also  that  the 
lighter  a  clay,  and  the  more  it  would  shrink  in  drying,  the  more  readily 
would  it  slip. 

The  more  sand  the  clay  contained,  the  heavier  it  would  be,  and  there 
would  be  less  contraction  in  the  drying,  and  the  percentage  of  sand  could 
be  judged  by  weighing  or  by  pressing  in  a  knife  blade  held  between  the 
thumb  and  forefinger  or  between  the  teeth. 

Yellow  clay  cracked  most  in  drying,  and  the  clay  which  burned  to  the 
reddest  color  would  be  the  most  plastic  and  would  slide  most  readily. 
Clay  which  burned  to  a  whitish  color  and  carried  fine-grained  sand  would 
slide  least. 

Gas  explosions  sometimes  occurred  in  clay  from  the  decomposition  of 
organic   materials    contained   therein,   which   might   start   a    slide.      Some 
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clays  would  dissolve  water  and  absorb  the  oxygen,  which  increased  the 
bulk  and  lowered  the  power  of  cohesion. 

A  mass  of  earth  or  clay  would  expand  in  a  direction  opposite  to  that 
in  which  the  frost  entered.  If  the  frost  penetrated  directly  downwards, 
the  increase  of  volume  or  heaving  of  the  surface  would  be  vertically 
upwards.  If  it  penetrated  horizontally  to  the  left,  the  increase  of  volume 
or  bulging  would  be  horizontally  to  the  right.  The  extent  of  the  heaving 
would  depend  upon  the  percentage  of  the  voids  in  the  material  and  the 
quantity  of  water  in  the  voids.  Water  would  pass  by  capillary  pressure, 
from  a  coarse  material  to  a  finer  material ;  from  a  loose  layer  to  a  more 
compact  layer  of  same  material :  or  from  a  damp  layer  to  a  drier  layer  of 
the  same  material. 

Boulder  clay  dredged  from  12  ft.  below  low  tide  at  St.  John,  N.  B., 
weighed  117M  lbs.  per  cubic  foot  when  brought  up.  On  drying,  the 
loss  of  weight  was  21  per  cent,  of  the  original  weight,  and  the  shrinkage 
20  per  cent  of  the  original  volume.  Color :  dark  bluish-gray,  slid  very 
readily.  Several  hundred  piles  driven  in  a  i^  to  i  slope  slid  bodily  into 
the  dock  when  the  surface  was  weighted  by  gravel  filling  placed  back  one 
hundred  feet  from  the  upper  edge  of  the  slope. 

Boulder  clay  from  a  sliding  bank  at  Negro  Point  breakwater,  St. 
John,  N.  B.,  ten  feet  above  high  tide,  weighed  139  lbs.  per  cubic  foot.  On 
drying,  the  loss  of  water  was  12  per  cent,  of  the  original  weight,  and  the 
shrinkage  7  per  cent,  of  the  original  volume.  In  dry  weather,  cracks 
were  formed  in  this  slope  and  the  toe  being  undermined  by  the  sea,  brge 
masses  fell  every  year. 

Leda  clay  from  Trois-Pistoles,  P.  Q.,  weighed  127  lbs.  per  cubic  foot. 
On  drying,  the  loss  of  water  was  11  per  cent,  of  the  original  weight,  and 
the  shrinkage  15  per  cent,  of  the  original  volume.  Color:  light  gray.  This 
clay  slid  very  readily,  and  gave  much  trouble  during  the  construction  of 
the  Intercolonial  Railway. 

The  Saxicava  sand  and  gravel  overlying  the  clay  to  a  depth  of  two  to 
four  feet  allowed  the  surface  water  to  pour  in  over  the  top  of  the  cutting 
in  a  sheet,  which  frequently  carried  large  parts  of  the  slope  with  it  down 
to  the  track. 

A  catch-water  drain,  with  water-tight  bottom  and  sides,  placed  well 
back  from  the  top  of  the  slope,  together  with  an  impermeable  covering 
on  the  face  of  the  present  irregular  slope  of  the  cutting,  would  seem  to  be 
the  proper  method  of  treating  this  particular  case. 

Another  writer  remarked  that  he  was  disposed  to  favor  the  author's 
views  of  the  action  of  water  upon  clay,  because  he  had  seen  several  land 
slides  where  the  clay  must  have  been,  in  course  of  time,  reduced  to  a 
semi-fluid  substance  to  flow  as  it  did.  A  most  notable  example  of  a  land- 
slide occurring  in  this  way  was  that  at  St.  Albans  on  the  River  St.  Ann, 
some  fifty  miles  west  of  Quebec,  which  happened  some  eight  years  ago. 
The  subsidence  and  slide  forward  into  the  bed  of  the  river  extended  over 
an  area  of  some  one  thousand  feet  in  length  by  a  breadth  of  about  five 
hundred  feet,  say  over  an  area  of  ten  acres.     The  land  which  thus  slid 
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away  was  approximately  level  on  its  upper  surface  and  about  twenty  feet 
in  thickness  at  the  line  of  separation,  and  perhaps  sixty  feet  at  the  river 
bank,  thus  giving  an  incline  of  about  one  inch  in  twelve.  His  theory  of 
this  slide  was  that  the  soil  which  moved  away  being  of  a  clayey  and  sandy 
nature,  became,  in  course  of  time,  of  a  very  loose  texture  below  its  grassy 
surface  by  the  infiltration  of  rain  and  melted  snow.  This  water  of  infiltra- 
tion found  its  way  to  the  solid  soil  beneath.  Not  being  able  to  penetrate 
further  it  took  its  course  through  the  looser  formation  above,  until  the 
whole  of  the  overlying  mass  was  tunnelled  and  honeycombed  to  such  a 
degree  that  the  land,  finally,  through  its  own  superincumbent  weight,  sub- 
sided and  slid  down  the  inclined  plane  on  which  it  rested. 

He  had  seen  the  same  thing  some  twenty  years  ago  at  St.  Valier,  but 
on  a  much  smaller  scale,  for,  although  several  acres  of  surface  land  were 
then  carried  forward,  the  depth  was  but  some  three  or  four  feet  at  the 
inner  edge  or  line  of  separation  and  might  be  ten  to  fifteen  only  along  the 
face  of  the  river  and  ravine.  At  St.  Casimir,  P.  Q.,  a  church  was  bodily 
sinking  into  the  soil,  and  it  was  found  that  the  crust  upon  which  the 
church  was  built  was  but  four  feet  in  thickness.  Iron  rods  screwed 
together  end  to  end  were  driven  to  a  depth  of  ninety  feet  below  the  surface 
through  a  stratum  of  liquid  mud.  These  rods  were  pushed  down  by  hand 
without  the  use  of  a  hammer.  This  was  done  at  each  end  of  the  church 
after  merely  digging  a  hole  some  four  feet  deep  through  the  upper  crust. 
The  same  thing  occurred  at  St.  Nicolet  church,  when  the  rods  were 
driven  to  a  depth  of  one  hundred  and  twenty  feet  below  the  surface  near 
the  four  corners  of  the  church. 

In  the  cases  cited  of  St.  Casimir  and  Nicolet,  the  surface  should  not 
have  been  broken  at  all ;  but  the  foundation  platforms  should  have  been 
built  on  the  very  surface  of  the  soil  so  as  not  to  weaken  the  crust  of  earth 
supporting  the  structures.  The  most  prudent  way,  however,  would  have 
been  to  pile  such  soil,  as  there  must  be  imminent  danger  that  the  same 
thing  would  happen  again,  as  occurred  at  St.  Albans,  when  one  or  both 
of  these  churches  might  founder  with  all  on  board.  This  semi-fluid  mass 
on  which  they  rode  would  become  more  and  more  like  a  liquid  in  course 
of  time,  and  then  by  its  hydrostatic  pressure,  would  burst  the  bounds  and 
flow  as  in  the  cases  cited  by  the  author.  The  banks  were  now  enabled 
to  withstand  the  thrust  forward  towards  the  respective  rivers  through 
the  natural  matting  formed  along  the  river  frontage  by  the  roots  of  trees, 
etc.,  growing  upon  its  borders.  This  retaining  wall,  however,  when  the 
trees  and  shrubs  had  been  washed  away  by  successive  floods,  would  lose 
its  power  of  resistance,  and  the  structures  would  be  in  time  destroyed. 

In  walking  over  clay  fields  in  the  spring,  most  of  us  were  familiar 
with  the  altered  condition  of  the  clay,  which  condition  had  probably  been 
attributed  solely  to  the  action  of  frost.  In  July  or  August,  these  same 
fields  were  intersected  with  shrinkage  cracks,  for  some  clays  shrink  as 
much  as  12  per  cent,  in  drying. 


DISCUSSION. 

The  President : — The  report  of  the  Track  Committee  will  be  pre- 
sented by  the  vice-chairman,  Mr.  T.  H.  Hickey,  of  the  Michigan  Cen- 
tral. Owing  to  an  unfortunate  accident  to  the  chairman,  Mr.  L.  S.  Rose, 
he  is  not  able  to  take  his  place  on  the  platform,  although  he  is  present 
in   the  hall. 

Mr.  T.  H.  Hickey  (Michigan  Central)  : — The  report  consists  of  a 
number  of  conclusions,  with  illustrations  of  typical  standard  switch  and 
frog  devices.  The  report  will  be  found  on  pp.  39-44,  of  Bulletin  No.  85. 
The  first  recommendation  of  the  Committee  is  given  on  page  39,  and 
reads  as  follows : 

"Under  paragraph  No.  i  of  the  instructions,  your  Committee  recom- 
mends in  general  switch  points  10  ft.  long  for  No.  4,  5,  and  6  turnouts, 
and  switch  points  16^  ft.  long  for  No.  7,  8,  9,  10,  11  and  12  turnouts. 
For  turnouts  greater  than  No.  12,  special  points  to  suit  the  conditions 
are  recommended. 

"Split  switches  and  bolted  spring  rail  frogs  are  recommended  as  best 
for  main  track  use. 

"Switchstands :  For  class  'A'  railroads,  where  speed  exceeds  30 
miles  per  hour,  main  track  turnouts  should  be  equipped  with  semaphore 
type  of  switchstands  with  distant  signal,  reinforced  switch  points,  facing 
point  lock,  reinforced  spring  rail  frog,  and  upon  such  sidings  where 
cars  are  allowed  to  stand  and  upon  passing  sidings  with  a  derail  to 
operate  any  connection  with  main  track  switchstand." 

Mr.  L.  R.  Clausen  (Chicago,  M'ilwaukee  &  St.  Paul)  : — I  wish  to 
make  some  objections  to  the  paragraph  under  "switchstands,"  relating 
to  the  type  of  switchstand,  or  the  indications  which  shall  be  given.  The 
first  objection  is  that  the  indication  given  by  a  switchstand  is  a  matter 
of  signaling,  and  should  be  handled  by  the  Signaling  Committee  and 
not  by  the  Committee  on  Track.  My  second  objection  to  the  type  of 
stand  which  the  Committee  has  recommended  is  that  it  cannot  be  applied 
to  all  switches  for  the  reason  that  at  many  points  the  switches  come 
too  close  together.  Again,  it  is  impossible  on  account  of  clearances  to 
apply  this  type  of  stand  to  two-track  and  four-track  layouts  at  all 
points,  which  makes  it  possible  to  use  it  at  only  such  places  where  it 
can  be  put  in,  and  you  have  not  a  consistent  system  of  indications.  The 
third  objection  I  wish  to  make  against  this  type  of  stand  is  its  resem- 
blance to  the  semaphore,  and  there  would  be  an  objection  to  using  it 
where  it  comes  in  close  proximity  to  interlocking  plants.  I  wish  further 
to   make  the   point   that   the   importance   of  the   switchstand   indication   is 
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decreasing  where  automatic  block  signals  are  in  use.  I  would  call  the 
attention  of  the  Committee  to  the  fact  that  the  Philadelphia  &  Reading 
Railroad  and  the  Pennsylvania  Railroad  in  their  automatic  block  signal 
territory  either  dispense  with  the  switchstand  entirely  or  use  extremely 
low  pot  signals.  As  a  further  objection  to  this  type  of  stand  I  would 
like  to  state  that  its  indication  will  interfere  with  your  signaling  system 
in  automatic  block  territory,  where  you  have  an  automatic  block  signal, 
we  will  say  a  half  mile  in  advance  of  the  switchstand,  and  an  automatic 
block  signal  a  mile  or  two  in  the  rear  of  the  switchstand.  In  such  a 
case  you  have  a  confusion  of  indications  for  the  reason  that  your  first 
block  signal  is  supposed  to  read  to  the  second  block  signal,  and  if  the 
portion  of  the  block  system  between  the  switchstand  and  the  second 
block  signal  is  occupied,  the  engineer  on  arriving  at  the  first  block  sig- 
nal signal  will  receive  a  "stop"  indication.  After  making  his  stop 
according  to  the  rules  and  proceeding  with  caution,  the  next  signal  he 
arrives  at  will  be  the  switchstand,  which  gives  him  a  clear  indication, 
which  you  will  readily  see  is  a  false  indication,  because  the  block  is 
occupied  by  a  train  between  the  switchstand  and  the  next  automatic 
block  in  advance.  A  further  objection  to  the  type  of  stand  as  shown  in 
the  drawings  presented  by  the  Committee  is  that  there  are  no  indications 
shown  for  trailing  movements. 

I  would  like  to  state  further  that  the  Committee  on  Signaling  and 
Interlocking  is  now  developing  a  complete  and  comprehensive  system  of 
signaling,  and  in  this  will  include  a  series  of  indications  for  switch- 
stands.  The  Committee  has  not  yet  presented  to  the  Association  anj' 
recommendations  for  switchstands,  but  intends  to  do  so  at  the  next 
annual  meeting.  If  the  type  of  switchstand  presented  by  this  Committee 
is  now  adopted,  it  will  result  in  confusion  at  the  next  annual  meeting, 
because  they  use  a  series  of  indications  which  we  wish  to  use  for  inter- 
locking work. 

]\Ir.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — I  am  in  sympathy  with 
what  has  been  said  by  Mr.  Clausen,  and  I  believe  that  this  part  of  the 
report  of  the  Committee  should  be  referred  back  for  further  considera- 
tion. In  the  first  place,  as  to  the  length  of  switches,  I  believe  very 
few  roads  are  using  a  \6Y2-it.  switch.  The  only  reason  I  know  of  for 
changing  to  a  161/2-ft.  switch  is  the'  fact  that  we  are  getting  33-ft.  rails. 
This  entails  a  tremendous  amount  of  additional  and  unnecessary  expense 
in  making  a  change  from  the  old  standards ;  furthermore,  the  angle  of 
the  switch  should  vary  with  the  frog  to  a  greater  extent  than  is  recom- 
mended by  the  Committee.  I  would  suggest  a  lo-ft.  switch  for  No.  3, 
4  and  5  tracks;  15-ft.  switch  for  Nos.  6  to  8;  20-ft.  switch  for  Nos.  9 
to  12,  and  30-ft.  switch  for  Nos.  12  to  20.  These  are  the  standards  in 
use  on  our  road,  and  a  change  in  length  of  switcli  is  unnecessary 
simply  for  the  reason  that  we  have  gotten  a  different  length  of  rail.  I 
see  no  occasion  for  changing  the  length  of  the  switch.  It  would  involve 
a  change  of  the  switch   rods  and  switch  timber,  and   it  complicates   mat- 
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ters  very  much.  So  far  as  the  switchstand  is  concerned,  a  switchstand 
of  the  type  recommended  is  not  necessary,  except  at  very  few  points.  It 
is  an  expensive  stand  and  is  not  required  on  a  road  using  automatic 
signals,  where  the  signals  themselves  indicate  the  position  of  the 
switches.  , 

Mr.  Hickey: — On  behalf  of  the  Committee  I  might  state  that  in 
recommending  the  switchstand  referred  to  we  have  not,  as  far  as  we 
are  aware,  come  in  conflict  with  any  recommendations  of  the  Committee 
on  Signaling  and  Interlocking.  However,  a  conference  with  the  Signal- 
ing Committee  in  regard  to  the  kind  of  switchstand,  lights  to  be  used, 
etc.,  might  be  desirable,  and  we  would  Be  pleased  to  have  such  conference 
with  the  Committee  mentioned. 

Mr.  H.  R.  Safford  (Illinois  Central)  : — I  agree  with  the  statement 
that  the  lo-ft.  switch  point  is  proper  for  No.  5  and  6  turnouts.  Our 
experience  has  been  that  iS-ft.  points  for  switches  from  No.  7  to  No. 
10  is  an  economical  length,  largely  on  account  of  the  fact  that  we  have 
until  recently  been  getting  30-ft.  rails,  and  an  i8-ft.  switch  point  was  a 
proper  point  for  Nos.  12  to  14,  and  a  22-ft.  switch  point  for  numbers 
as  high  as  15  or  16,  bearing  in  mind  good  alinement,  which  is  an  essen- 
tial feature  for  any  switch  with  a  high  number  frog,  as  they  are  used  for 
high  speed  conditions. 

Mr.  G.  H.  Bremner  (Chicago,  Burlington  &  Quincy)  : — We  should 
not  go  on  record  as  recommending  a  lo-ft.  switch  point.  Our  company 
uses  many  of  them,  but  from  my  own  experience  I  would  not  recom- 
mend them  for  switches  unless  for  special  cases.  No.  3,  4  and  5  turn- 
outs, with  the  ordinary  modern  equipment,  are  usually  special  switches, 
generally  going  from  the  outside  of  the  curve  so  that  a  lo-ft.  point 
would  give  nearly  as  sharp  an  angle  there  as  on  a  straight  track,  and 
would  give  a  bad  swing  to  an  engine,  and  it  would  not  inure  to  proper 
construction  for  this  Association  to  go  on  record  as  recommending 
lo-ft.  switch  points. 

In  regard  to  the  i6j/2-ft.  switch  points,  it  seems  that  it  is  a  good 
conclusion  to  urge.  Fifteen  feet  is  the  standard  on  roads  throughout 
the  Western  country,  but  that  was  made  standard  on  account  of  two 
being  made  out  of  a  30-ft.  rail.  It  will  cost  very  little,  in  case  of 
renewals,  to  put  in  a  iSYz-ii.  instead  of  a  15-ft.  point,  and  it  will  save 
scrapping  rail  at  the  switch  and  frog  companies'  plants.  We  recently 
had  occasion  to  find  out  that  there  was  a  great  deal  of  scrap  rail  lying 
in  one  of  the  frog  companies'  yards  on  account  of  the  waste  of  the 
end  from  the  33-ft.  rail  we  were  furnishing.  We  might  as  well  have 
had  that  three  feet  in  use  and  had  an  easier  angle  on  our  switch  points. 

Mr.  W.  I\I.  Camp  (Railway  and  Engineering  Review)  : — I  think  the 
matter  of  switchstands  should  be  settled.  The  Committee  states  that 
the  stand  reccmmended  is  intended  to  correspond  with  the  practice  of 
interlocking  signals.  It  is  a  question  whether  the  signals  at  switches 
to  be  hand   thrown   should   conform   to   the   practice   of  interlocking,    or 
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whether  they  should  not  be  entirely  distinct  from  indications  at  inter- 
locking. I  think  the  points  brought  out  by  Mr.  Clausen  are  well  taken, 
and  in  order  to  bring  matters  to  a  head  I  will  move  that  the  recom- 
mendations of  the  Committee  in  reference  to  switchstands  be  referred 
back  for  consideration  another  year  and  that  the  Committee  be  instructed 
to   confer  with  the   Committee  on   Signaling  and   Interlocking. 

(The  motion  was  carried.) 

Mr.  Ewing: — I  move  that  the  paragraph  referring  to  lengths  of 
switch  points  be  also  referred  back  to  the  Committee. 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — I  move  an  amendment  to 
the  motion  that  it  be  referred  back  to  the  Committee  with  instructions 
to  take  the  matter  up  by  letter-ballot  with  the  railroads  and  with  the 
switch  and  frog  companies  in  order  to  determine  what  is  the  most 
economical  length  for  switches. 

(The  motion  was  carried.) 

Mr.  George  W.  Kittredge  (New  York  Central)  : — I  move  that  that 
part  of  the  paragraph  which  relates  to  split  switches  be  referred  back 
to  the  Committee.  In  so  doing  I  would  like  to  call  attention  to  the 
wording.  This  Association  should  not  adopt  anything  that  is  worded 
as  that  is — "are  recommended  as  best  for  main  track  use."  It  should 
recommend  "good  practice,"  but  it  would  be  very  unwise  to  recommend 
something  as  "best." 

Mr.  Safford : — I  would  suggest  to  the  Committee  that  they  consider 
the  question  of  the  use  of  some  sort  of  facing  point  switch  for  high 
speeds  with  an  unbroken  rail.  It  seems  to  me  that  is  an  important 
feature  to  be  considered,  and  without  specifying  any  particular  type, 
it  could  be  rhade  the  basis  of  discussion  by  the  Committee  and  a  recom- 
mendation presented. 

The    President; — You  offer   that   as    instructions   to   the   Committee? 

Mr.  Safford : — Yes,  as  a  suggestion.  I  will,  however,  make  it  in 
the    form    of    a    motion. 

(The  motion  was  carried.) 

The  President : — We  will  now  proceed  to  the  paragraph  commencing 
at  the  bottom  of  page  39,  entitled  "switch  points."  This  refers  specifically 
to  certain  drawings  which  the  Committee  has  prepared  which  are  shown 
in   the   report. 

Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie)  : — I  would  call  atten- 
tion to  the  fact  that  the  lettering  of  the  illustrations  is  so  small  that  it 
cannot  be  distinguished  without  a  magnifying  glass.  I  would  suggest 
that  illustrations  be  made  legible.  It  is  quite  out  of  the  question  to 
stud}'  the  details  of  the  frog  and  switch  in  these  illustrations,  and 
on  that  account,  even  if  we  were  satisfied  with  them,  we  could  not 
vote  on   them   intelligently. 

Mr.  Bremner : — I  agree  with  the  remarks  made  by  Mr.  Wendt.  I 
cannot  make  out  just  what  this  stand  calls  for.  The  elevation  of  the 
switch   rail  above   the   stock   rail   seems   to  be  a   quarter  of  an   inch,   but 
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it  is  not  plain.  We  should  not  pass  on  any  of  these  plans  until  we 
know  what  they  mean. 

The  President :— Strictly,  under  the  motion  which  prevailed  a  few 
moments  ago,  these  drawings  will  go  back  to  the  Committee  because 
the  paragraph  relating  to  the  length  of  switch  points  was  referred  back 
to  the  Committee,  and  the  drawings  have  been  prepared  in  connection 
with  the  recommendation.  There  were  other  points  involved,  for  in- 
stance, the  plates,  the  elevation  of  the  points,  etc.,  that  had  not  been 
discussed,  and  the  chair  has  allowed  comments  on  this  section  on  that 
account. 

Mr.  Brenmcr: — If  that  is  shown  as  a  quarter  of  an  inch,  I  would 
recommend  changing  it  to   one-eighth   of   an   inch. 

Mr.  Kittredge : — I  move  that  all  the  drawings  and  details  of  this 
paragraph  be  referred  back  to  the  Committee. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — 
Notwithstanding  the  fact  that  these  drawings  are  not  intelligible,  the 
printed  matter  is  intelligible,  and  there  are  a  number  of  points  the 
discussion  of  which  would  evidently  be  of  great  value  to  the  Committee. 
There  is  one  sentence :  "Switch  points  should  be  made  of  open-hearth 
steel."  There  is  a  question  as  to  whether  that  can  be  secured,  although 
there  is  no  doubt  in  my  mind  as  to  the  desirability  of  it.  I  hope  that 
each  one  of  these  resolutions  will  not  be  prematurely  referred  back  to 
the  Committee  without  giving  the  members  present  some  opportunity 
of  expressing  their  views  on  the  recommendations,  so  that  the  Com- 
mittee  may   be   guided   in    their   work   tlie   ne.xt   year. 

The  President: — Discussion  is  in  order  on  the  motion  of  Mr.  Kitt- 
redge, and  the  reason  the  chair  admitted  this  paragraph  for  discussion 
was  that  given  by  Mr.  McDonald,  that  there  are  many  questions  con- 
nected with  the  switch,  and  if  it  is  referred  back  peremptorily  to  the 
Committee,  they  will  have  no  knowledge  of  the  ideas  of  the  members 
of  the  Association.  There  are  so  many  features  connected  with  a  split 
switch  which  are  so  important  that  a  free  discussion  of  the  points,  even 
with  the  paragraph  referred  back,  will  be  a   help  to  the  Committee. 

Mr.  Kittredge : — If  the  discussion  of  these  points  cannot  take  place 
under  my  motion,  I  will,  with  the  consent  of  my  second,  withdraw  it. 
I  agree  with  the  President,  and  it  was  to  put  the  matter  before  tlie 
Association  in  a  formal  way  that  I  made  tiic  motion. 

The  President: — The  chair  thinks  that  uncicr  your  motion  the  dis- 
cussion is   in  order  now. 

Mr.  Camp: — I  was  going  to  suggest,  before  ]\Ir.  McDonald  spoke, 
that  the  recommendation  that  switch  points  be  made  of  open-hearth 
steel  might  afford  some  interesting  information  if  we  would  discuss  it. 
I  think  that  is  a  good  recommendation.  I  take  it  tliat  everybody  will 
agree  that  open-hearth  is  the  best  quality  of  steel  for  switch  points.  I 
understand  that  open-hearth  steel  rails  are  now  l)eing  manufactured  to 
some    extent    in    this    country,    and    I    believe    the    Birmingham    mill    is 
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making  some  of  them.  It  has  therefore  been  the  practice  with  some 
switch  manufacturers  to  supply  their  own  rails,  and  others  let  the  rail- 
road company  supply  them.  If  there  is  any  manufacturer  present  who 
can  tell  us  whether  it  is  possible  to  get  open-hearth  rails  in  sufficient 
quantity  to  supply  all  orders  for  switch  points,  I  would  be  glad  to 
have  the  President  call  upon  him,  so  that  we  can  get  the  information 
on   record. 

Mr.  McDonald: — I  would  suggest  that  ]\Ir.  Parsons,  of  the  Penn- 
sylvania Steel  Company,  who  is  present,  might  give  us  some  informa- 
tion. 

Mr.  George  W.  Parsons  (Pennsylvania  Steel  Company)  : — I  am 
retired  from  the  actual  duties  of  superintendent,  and,  therefore,  I  am 
not  able  to  answer  this  question  very  satisfactorily,  but  in  the  light  of 
my  former  experience  if  the  section  of  the  rail  usd  b\'^  the  road  is 
the  A.  S.  C.  E.  standard  section,  it  ought  not  be  very  difficult  for  the 
switch  manufacturer  to  arrange  for  a  supply  of  rails  of  open-hearth 
steel  of  the  various  sections,  but  if  the  rails  are  to  be  supplied  by  the 
railroad  company  to  the  switch  manufacturer,  I  think  it  would  be  a 
very  unhandy  arrangement  for  some  time  to  come,  because  it  will  be 
quite  a  while  before  all  the  railroads  that  make  such  arrangements 
will  be  buying  open-hearth  steel  rails,  and,  until  they  do,  it  is  a  ques- 
tion of  dealing  with  a  manufacturer  who  will  supply  the  rails  himself, 
or  the  open-hearth  switch  point  cannot  be  obtained.  The  manufacturers 
making  switches  and  frogs  have  to  be  on  the  qui  vive.  It  used  to  be 
the  torment  of  my  life  when  we  had  some  forty  different  sections,  vary- 
ing by  minute  differences  at  tiines,  to  get  rails  to  make  the  work.  We 
were  much  relieved  by  the  A.  S.  C.  E.  standard  being  adopted,  but  to 
require  open-hearth  steel  is  another  complication  that  it  would  take 
some  little  time  to  straighten  out. 

Furthermore,  I  think  the  specification  for  open-hearth  .steel  is  a 
little  too  broad.  Some  very  poor  steel  might  be  put  into  a  rail  that 
had  been  cast  from  open-hearth  ingot.  It  might  not  be  at  all  suitable 
for  it,  and  if  an  association  so  powerful  as  this  undertakes  to  deal  with 
this  subject  I  think  it  should  look  into  tlie  matter  very  carefully,  and 
not  only  specify  the  process  as  open-hearth  or  Bessemer,  but  should 
specify  the  limitations  of  the  deleterious  elements,  and  the  conditions 
of  drop  tests,  and  all  those  things,  such  as  your  Rail  Committee  has 
been  working  with,  and  your  Rail  Committee  can  co-operate  no  doubt 
to  very  great  advantage  in  the  consideration  of  this  subject. 

Mr.  A.  W.  Johnston  (New  York,  Chicago  &  St.  Louis)  : — My  under- 
standing is  that  the  Rail  Committee  has  not  reached  a  point  to  recommend 
open-hearth  steel,  therefore,  it  seems  to  me  unwise  for  us  at  this  time 
to  take  a  step  anticipating  action  by  the  Committee.  In  the  phraseology 
of  the  Committee,  in  forming  a  conclusion,  there  should  be  exact  terms 
of  statement.  We  read  here,  "Switch  points  should  be  made  of  open- 
hearth  steel."     We  all  know  the  present  temper  of  the  public  in  calling 
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for  investigations  of  railroads  and  other  properties.  If  we  say  we 
should  do  a  thing  and  not  do   it,  we  might  be  found   fault   with. 

Mr.  Camp : — I  think  the  Rail  Committee  has  reported  on  chemical 
specifications  for  open-hearth  steel,  but  I  do  not  know  whether  they 
have  recommended  them.  At  any  rate,  the  specifications  state  that  rails 
may  be  made  of  either  Bessemer  or  open-hearth  steel. 

The  President: — The  chair  would  state  that  no  specifications  have 
been  formulated  for  open-hearth  rail ;  only  for  Bessemer.  The  Rail 
Committee  has  referred  to  open-hearth  rail,  but  no  specifications  have 
been   adopted. 

Mr.  Ewing: — I  think  it  would  be  very  unwise  to  say  that  switch 
points  should  be  made  of  open-hearth  steel.  We  do  not  know  any- 
thing about  open-hearth  steel  for  use  in  switch  points,  and  personally 
I  believe  it  should  be  very  thoroughly  tried  before  any  recommendation 
of   this   kind   is    made. 

The  President: — There  is  another  point  shown  in  the  drawings  that 
might  be  productive  of  some  information,  and  that  is  the  relative  height 
of  the  stock  rail  to  the  switch  point.  Mr.  Bremner  states  the  dif- 
ference should  be  one-eighth  of  an  inch.  As  this  bears  a  direct  relation 
to  the  wear  of  tires,  the  chair  would  ask  some  discussion  of  the  subject 
for  the  benefit  of  the  Committee. 

Mr.  Bremner: — The  reason  we  should  make  the  amount  of  raise 
less  than  one-quarter  inch  would  be  on  account  of  riding  of  fast  pas- 
senger trains.  If  switch  points  are  for  use  of  freight  trains  only,  then 
it  could  be  more  than  an  eighth  of  an  inch,  but  on  high-speed  track, 
with  a  high  raise  at  the  switch  point,  the  engine  and  cars  are  bound 
to  have  more  or  less  jar,  and  they  are  bound  to  strike  the  switch 
point  with  more  or  less  of  a  blow,  if  it  is  raised  very  much.  I  believe 
on  high-speed  track  we  should  not  allow  engines  with  double  flanges 
of  more  than  one-eighth  of  an  inch  to  run  on  the  tracks. 

Mr.  Camp : — The  extent  to  which  locomotive  tires  are  permitted 
to  be  guttered  is  not  under  the  control  of  the  engineering  department. 
That  has  been  a  bone  of  contention  for  many  years.  The  engineering 
department  would  like  to  have  these  tires  turned  down.  The  object 
in  raising  the  switch  point  is  to  carry  the  "double  flange,"  as  they 
call  it,  up  over  the  stock  rail,  and  the  full  elevation  should  come  at 
the  point  where  the  tire  just  reaches  the  stock  rail  when  the  movement 
is  trailing  to  the  switch.  Switches  have  been  torn  out  by  the  false 
flange  catching  the  stock  rail  just  at  that  point,  where  the  switch  rail 
was  too   low. 

The  matter  of  elevating  the  switch  rail  is  an  old  idea,  and  long  in 
practice.  That  is  one  of  the  provisions  of  the  Clarke-Jeffery  patent. 
It  was  provided  for  the  purpose  just  stated,  and  unless  the  switch  rail 
is  relatively  higher  than  the  stock  rail,  the  worn  tires  will  catch  in  the 
angle.  The  extent  to  which  the  one-quarter  inch  (or  any  other  dimen- 
sion which  you  may  consider)    will  jolt  the  trains  depends  on  how  far 
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back  the  elevation  is  carried  out.  If  it  is  carried  back  to  the  heel 
of  the  switch  point,  it  will  not  give  as  hard  a  jolt  as  if  it  is  carried 
out  in  3  or  4  feet.  But  carry  it  out  as  easily  as  you  please,  it  does 
give  something  of  a  jolt,  and  is  objectionable  to  that  extent. 

There  are  other  ways  of  overcoming  this  trouble.  There  is  a  switch 
now  being  manufactured,  so  I  understand,  where  the  point  rail  is  run 
level,  and,  in  order  to  get  the  relative  elevation  at  the  desired  place, 
the  stock  rail  is  depressed,  so  that  on  the  main  line,  high-speed  route 
there  is  a  level  rail,  and  still  the  switch  rail  is  a  desirable  height  above 
the  stock  rail  at  the  point  where  the  trouble  is  likely  to  occur  from 
worn  tires. 

Mr.  Hickey : — As  to  the  elevation  of  one-quarter  of  an  inch,  it  is 
the  intention  of  the  Committee  that  should  be  at  the  point  where  the 
wheels  cross  from  the  switch  point  to  the  top  rail,  which  would  be 
about  6  feet  back  of  the  point.  That  quarter  of  an  inch  could  be 
distributed  between  that  point  and  the  point  of  switch,  a  distance  of 
6    feet. 

Mr.  Kittredge: — I  understand  that  the  Lake  Shore  has  for  a  number 
of  years  been  using  a  split  switch  where  the  tops  of  stock  rail  and 
switch  rail  are  really  of  the  same  elevation.  There  has  never  been  any 
trouble  experienced  by  the  Lake  Shore,  and  the  New  York  Central 
Lines  are,  as  a  whole,  at  the  present  time  seriously  considering  making 
that  form  of  switch  their  standard  for  high-speed  tracks.  The  action 
of  the  New  York  Central  Lines  has  been  somewhat  deferred  until  this 
meeting,  in  order  that  they  might  be  aided  and  guided  by  this  Associa- 
tion on  this  point. 

Mr.  Camp: — I  will  ask  Mr.  Kittredge  what  pressure  the  engineering 
department  can  bring  to  bear  on  the  mechanical  department  to  keep  the 
tires   in  good   shape? 

Mr.  Kittredge: — I  am  very  glad  to  report  that  we  not  only  have 
the  co-operation  of  the  mechanical  department,  but  we  also  had  the 
sanction  of  the  Senior  Vice-President,  who  is  in  charge  of  both  de- 
partments, that  such  a  desirable  condition  of  affairs  should  be  maintained. 

Mr.  Camp: — That  is  good. 

Mr.  McDonald : — I  ask  if  it  is  practicable  to  maintain  the  switch  point 
a  quarter  of  an  inch  above  the  stock  rail.  You  may  put  it  there,  but  how 
long  can  you  keep  it  there  ? 

Mr.  Camp:— This  is  done  by  a  riser;  rail  and  switch  rail  rest  on 
the  same  plate,  with  a  riser  under  the  switch  rail. 

Mr.  McDonald: — That  is  all  right  when  you  first  put  it  in,  but  the 
thin  switch  point  offers  very  much  less  support  to  the  wheel  than  the 
head  of  the  ordinary  rail,  and  it  takes  but  a  short  while  before  the  point 
is  worn  down  to  the  level  of  the  stock  rail. 

Mr.  Camp : — In  that  case,  then,  in  order  to  maintain  the  standard  you 
would  either  have  to  shim  under  the  switch  rail  or  put  in  a  new  switch 
rail. 
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Mr.  Weudt : — For  the  past  ten  years  our  company  has  used  switches 
as  described  by  Mr.  Kittredge.  The  slide  plates  are  level,  in  other  words, 
tliere  are  no  riser  plates  as  suggested  by  the  Committee.  Experience 
seems  to  indicate  that  these  riser  plates  are  not  necessary  where  other 
features  are  properly  designed.  The  stock  rails  and  the  switch  rails  in 
such  a  design  are  at  a  level.  Reference  has  been  made  to  the  difficulty  of 
keeping  the  switch  rail  above  the  stock  rail.  It  has  always  been  difficult 
in  the  past  to  do  that,  wdiere  the  solid  plates  were  as  they  have  been 
throughout  America.  But  with  the  design  spoken  of,  where  the  switch 
plates  are  continuous,  no  riser  plates  are  needed  to  keep  the  switch  rails 
up,  when  these  switch  plates  are  three-quarters  of  an  inch  thick  as  recom- 
mended by  the  Committee.  That  is  the  secret  of  holding  switch  points  in 
their  relative  position  with  their  stock  rails.  The  observations  of  the 
engineer,  it  seems  to  me,  have  been  based  on  the  insecurity  of  switch 
plates  of  one-half-inch  thickness,  but  our  experience  for  ten  years  shows 
that  where  three-quarter-inch  plates  are  used  the  switch  points  hold 
themselves  in  proper  relative  position  with  reference  to  stock  rails.  The 
Committee  has  recommended  a  three-quarter-inch  plate,  and  it  seems  to 
me  that  that  is  the  best  practice  and  much  beyond  the  present  general 
practice  of  railroads.  Furthermore,  with  regard  to  flange  wear,  the  best 
present  practice  seems  to  be  to  have  a  rail  liiniting  the  flange  wear  to 
three-sixteenths  of  an  inch,  and  that  where  the  engineering  and  motive 
power  departments  co-operate,  there  is  no  difficulty  whatever  in  main- 
taining switches  in  a  safe  condition  with  level  slide  plates,  and  it  has  been 
found  that  where?  the  civil  engineers  exert  their  influence  in  a  proper 
manner  by  explaining  the  situation  intelligently  to  the  motive  power 
departments,  that  co-operation  is  the  result.  I  think  that  the  switch  here 
recommended  by  the  Committee  is  a  distinct  advance  over  the  general 
practice,  but  there  are  some  points  about  the  switch  which  certainly  need 
to  be  considered  again,  and  for  that  reason  the  illustrations  and  subject 
should  be  referred  back  to  the  Committee. 

The  President : — The  chair  would  like  to  ask  Mr.  Wendt  upon  what 
amount  of  vertical  wear  on  the  rail  is  the  switch  point  considered  worn 
out  and  removed?  The  wear  on  the  main  line  rail,  at  the  switch  point,  is 
greater  usually  than  on  the  sidetrack.  At  what  point  of  vertical  wear  is 
the  switch  point  removed,  where  you  put  them  in  both  level  at  the  start 
— is  there  any   rule  for  that  on  your  line? 

Mr.  Wendt: — I  cannot  say  that  there  is  any  rule.  T  think,  generally 
speaking,  this  practice  referred  to  is  new,  and  we  have  obtained  valuable 
experience  which  has  demonstrated  the  safety  and  desirability  of  the 
design;  and  under  this  design  I  have  personally  known  of  swilch  points 
which  have  lasted  just  as  long  as  the  main-line  rail;  that  is,  new  switches 
were  put  in  when  new  rails  were  laid  and  they  w'cre  never  taken  out  until 
the  main-line  rail  was  renewed. 

Mr.  Camp: — As  far  as  the  wear  on  the  base  of  the  switch  point  rail 
is  concerned,  you  will  have  some  difficulty  in  keeping  the  switch  rail  to 
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its  place  if  you  put  it  in  level  to  start  with,  as  you  will  if  you  put  it 
higher.  If  you  put  it  higher  in  the  first  place,  it  will  take  longer  to 
wear  down  to  a  point  below  the  level  of  the  stock  rail,  than  will  be  the 
case  if  it  is  put  level  with  the  stock  rail  in  the  first  place. 

In  regard  to  the  wear  of  switch  points,  I  think  it  depends  on  whether 
it  is  a  facing  switch  or  a  trailing  switch.  On  a  facing  switch  there  is  a 
good  deal  of  side  wear  against  the  point,  and  very  frequently  the  extreme 
point  after  it  becomes  a  little  worn,  will  begin  to  chip  off  before  the  wear 
on  top  of  the  rail  will  require  it  to  be  taken  out. 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — I  think  the  slight  elevation 
in  the  switch  point  is  not  necessary.  We  are  getting  better  results  from 
the  mechanical  department  now  than  formerly.  It  may  be  that  the 
necessity  for  the  elevation  of  the  switch  point  has  passed  away.  Mr. 
IMcDonald  brought  up  a  very  important  point  in  connection  with  the 
vertical  wear  of  the  switch  points.  It  is  not  only  in  the  vertical  wear  that 
the  damage  comes  from  this  elevation  of  the  switch  point,  but  in  a  splitting 
off  of  the  top  of  the  point  where  it  is  narrow.  I  have  observed  that,  but  I 
have  not  seen  a  switch  point  which  it  was  necessary  to  remove  on  account 
of  the  vertical  wear,  nor  a  switch  point  that  was  not  broken  or  worn  out 
at  the  point  before  it  was  necessary  to  discard  it,  so  far  as  the  vertical 
wear  was  concerned. 

Mr.  H.  J.  Pfeifer  (Terminal  Railroad  of  St.  Louis)  : — I  fully  concur 
with  what  Mr.  Baldwin  says  about  the  wear  of  the  switch  points.  I  do 
not  believe  we  have  ever  taken  out  a  switch  point  on  account  of  the 
vertical  wear,  but  have  taken  them  out  on  account  of  the  points  chipping 
and  wearing. 

Mr.  A.  K.  Shurtleff  (Chicago,  Rock  Island  &  Pacific)  :— I  was 
required  to  spend  a  week  during  the  last  month  in  observing  at  various 
places  in  the  West  the  action  of  the  switch  points  under  track  and  the 
condition  of  our  riser  plates.  In  most  cases  the  maxim.um  rise  was  a 
quarter  of  an  inch.  The  slide  plates  had  been  made,  as  they  are  com- 
monly at  the  present  date,  by  putting  the  slide  plate  in  the  bull-dozer  and 
stamping  up  the  riser.  You  have  practically,  at  the  shoulder  of  the  riser, 
the  plate  sheared  for  the  width  of  the  riser.  The  uniform  practice  in  the 
West  has  been  to  use  plates  one-half-inch  thick,  and  I  believe  where  they 
use  slide  plates  it  is  pretty  nearly  uniform  practice ;  some  use  4^-inch 
width.  When  you  observe  the  action  under  traffic  you  will  find  there  is  a 
continual  pumping  and  jour  point  rail  is  bending  down ;  you  will  find  your 
slide  plates  kink  up;  you  will  find  them  jamming  down  under  the  load 
every  time  a  wheel  passes  over.  As  a  matter  of  fact,  where  the  stock  rails 
remain  any  length  of  time,  you  will  find  them  badly  worn  by  the  second 
flange  on  the  w'heel.  I  have  some  photographs  to  illustrate  that  point 
taken  on  one  of  our  large  Western  systems,  and  I  think  it  has  been 
rather  a  myth,  as  far  as  the  value  of  the  riser  on  a  one-half  inch  plate  is 
concerned. 

Mr.  G.  B.  Woodworth  (Chicago,  IMilwaukee  &  St.  Paul)  :— I  would 
like  to  ask  Mr.  Wendt,  if  he  uses  plates  without  risers,  how  he  maintains 
38 
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the  stock  rail  in  position,  without  it  kinking  in.  With  a  heavy  rail  you 
can  not  spike  the  gage  side  of  the  stock  rail  along  the  switch  rail,  and 
the  risers  are  depended  upon  to  keep  that  rail  in  position.  It  is  true  that 
sliding  plates  are  sometimes  forced  down  into  the  ties,  and  in  that  case 
the  riser  has  no  effect,  as  a  shoulder,  to  prevent  that  rail  from  kinking 
in.  That  is  a  trouble  which  we  have  experienced  on  our  road,  especially 
in  the  summer  time,  ni  hot  weather. 

Mr.  C.  E.  Knickerbocker  (New  York,  Ontario  and  Western)  : — The 
idea  of  the  Committee  in  requiring  a  quarter-inch  additional  height  was 
on  account,  not  of  the  engine,  but  of  the  car  wheels  of  foreign  lines.  The 
difficulty  is  not  with  the  motive  power  department  but  with  the  car 
wheels,  due  to  the  varying  width  of  the  heads  of  rails  with  interchange 
of  track.  If  we  do  not  take  care  of  that  double  flange  condition  at 
switches  it  is  necessary  to  renew  the  stock  rail,  and  that  is  what  we 
have  tried  to  provide  for.  Until  we  get  a  uniform  rail  head  for  all 
roads  we  will  have  that  condition.  I  can  not  see  how  you  can  take  care 
of  it  if  you  have  the  point  and  the  stock  rail  of  the  same  elevation. 
The  point  is  the  one  that  gets  the  lowest,  and  while  you  cannot  renew 
the  switch  on  account  of  the  switch  being  in  good  condition,  it  is  neces- 
sary for  you  to  take  the  stock  rail  out,  and  when  you  do  that  ordinarily 
you  have  to  put  in  a  new  switch  point.  That  is  the  reason  for  a  quarter 
of  an   inch  difference  in   the   elevation. 

Mr.  Shurtleff : — I  do  not  wish  to  be  understood  as  criticising  the  Com- 
mittee's plan  of  slide  plates,  but  heartily  endorse  the  three-quarter-inch 
by  six-inch  plate.  I  am  not  yet  satisfied  in  my  own  mind  as  to  the  value 
of  the  riser,  for  with  the  light  slide  plates  used  in  the  West,  and  the  riser 
as  made,  it  has,  of  course,  not  been  acting  as  a  riser. 

The  President : — The  question  is  on  the  original  motion  to  refer  this 
paragraph  back  to  the  Committee  for  further  consideration  and  report  to 
the  next  annual  convention. 
(The  motion  was  carried.) 
•  Mr.  Safford : — I  would  suggest  that  the  Committee  consider  the  mat- 
ter of  adjustable  features  on  track  switches.  That  is  a  matter  that  is 
given  a  good  deal  of  consideration,  and  it  seems  to  me  it  is  proper  for 
the  Committee  to  take  it  under  advisement. 

Mr.  Hickey: — The  next  subject  dealt  with  by  the  Committee  is  frogs: 
"Frogs :  The  bolted  type  of  frog  is  recommended.  The  lengths  of  all 
frogs  No.  8  to  and  including  No.  lo  should  be  15  ft.  Frogs  of  other 
numbers  should  have  a  length  to  suit  conditions.  Your  Committee  recom-. 
mends  in  general  frogs  to  be  made  of  open-hearth  steel  conforming  to 
standard  specifications  for  that  article,  and  believes  that  frogs  for  yard 
service  made  of  manganese  steel  to  be  the  most  economical. 

"Your  Committee  submits  a  drawing  for  No.  10  spring  rail  frog  for 
main  track  service.  The  three  center  plates  are  extended  so  as  to  con- 
form to  gage  plates,  in  order  to  secure  accurate  gage  for  guard  rails  at 
the  point  of  frog.     A  2-in.  flangeway  is  recommended.     Filler;  should  be 
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made  of  rolled  steel,  fit  snug  in  rail,  solid  and  continuous.  Bolts  to  be 
made  of  fine  BB  iron,  round  and  true  to  size,  U.  S.  standard  heads  and 
threads,  threads  should  be  accurately  cut  and  ends  have  wrench-tight  fit. 
All  bolts  should  have  cotter  pins  just  outside  of  nut,  size  of  bolts  as 
shown  on  drawing.  Bolt  holes  to  be  drilled;  drilling  to  be  accurately 
done  and  holes  be  made  1-16  in.  less  in  diameter  than  bolts  to  be  used; 
parts  should  be  assembled  and  holes  reamed,  in  order  to  be  straight 
through  and  of  such  size  as  to  give  bolt  driving  fit;  foot  guards  as  shown 
on  drawing.     The  bottom  plates  should  be  made  of  rolled  steel.'" 

Mr.  Ewing: — I  move  that  the  paragraph  be  referred  back  to  the 
Committee,  in  view  of  the  recommendation  for  the  use  of  open-hearth 
steel,  and  further,  from  the  fact  that  the  recommendation  is  made  that 
manganese  steel  is  the  most  economical  for  yard  service.  I  do  not  think 
that  is  always  true.  It  depends  to  a  very  large  extent  on  the  traffic 
conditions    and    the    life    of   an    ordinary    rail    frog. 

Mr.  Bremner : — We  should  not  go  on  record  as  saying  that  the  length 
of  all  frogs  should  be  15  ft.  That  may  not  be  the  most  economical 
length  to  make  frogs,  for  one  weight  of  rail,  in  order  to  cut  the  rail 
economically,  will  vary  from  the  length  of  frog  of  another  weight  of 
rail.     So  we  should  not  limit  the  length  of  our  frogs. 

Mr.  Kittredge : — There  is  one  point  to  be  considered  in  determining 
the  length  of  the  frog,  which,  with  the  introduction  of  electrical  appliances 
on  railroads,  makes  it  more  imperative  than  ever.  In  a  frog  of  ordinary 
length,  say,  15  ft.,  it  is  very  hard  to  install  a  properly  insulated  joint  at 
the  heel.  I  grant  you  that  it  is  a  bad  thing  to  have  an  insulated  joint  at 
the  heel  of  a  frog,  but  it  can  not  be  avoided  in  all  cases.  For  that  reason 
the  length  of  the  frog  would  seem  to  require  extension  in  the  direction 
of  the  heel. 

Mr.  Camp: — If  the  Committee  had  said  "at  least"  15  ft.,  I  would 
agree  with  them.  I  think  the  recommendation  is  an  advance.  In  years 
past  it  has  been  considered  that  any  old  scrap  rail  one  could  pick  up  was 
good  enough  for  frogs,  and  in  this  way  there  would  sometimes  be  pieces 
of  rails  in  the  frogs  not  longer  than  4  or  5  ft.  Under  the  present  heavy 
traffic,  a  short  piece  of  rail  in  the  track  is  undesirable.  In  my  opinion  a 
frog  should  be  not  less  than  15  ft.  long.  Some  roads  are  making  them 
longer  than  that,  but  I  do  not  think  the  length  should  be  fixed  for  frogs 
of  all  numbers.  Some  roads  make  the  frogs  according  to  the  economical 
length  at  which  they  will  fit  into  the  lead  to  avoid  cutting  rails.  Thus,  a 
No.  9  frog  is  made  one  length  and  a  No.  10  frog  another  length. 

Mr.  A.  W.  Newton  (Chicago,  Burlington  &  Quincy)  : — I  want  to 
ofter  a  statement  in  regard  to  the  manganese  frog.  The  question  has 
arisen  with  our  company  as  to  the  economj'  in  adopting  this  frog,  and  wc 
have  been  making  investigations,  and  find  that  our  manganese  frogs  have 
not  served  their  usefulness  when  they  are  worn  out;  that  is,  the  manga- 
nese portion  of  the  frog  is  still  good  after  the  rest  of  the  frog  is  ready  for 
the  scrap  heap.     Two  frogs  sent  to  the  shops  last  month  showed  a  good 
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wearing  face  still  left  on  the  manganese  portions  and  the  rest  of  the  rail 
entirely  worn  out.  So  we  are  not  getting  the  full  value  of  the  man- 
ganese frog  as  yet,  and  we  can  not  until  we  bring  the  rest  of  the  frog  up 
to  a  condition  that  will  make  it  as  durable  as  the  manganese  portion. 
That  is  the  condition  that  we  found  when  we  were  enabled  to  make  a 
comparison  of  cost. 

Mr.  Shurtleff : — The  length  of  frog  should  be  sufficient  so  that  we 
can  insert  our  'angle  bars.  The  distance  between  the  heel  of  the  switch 
and  toe  of  the  frog  fixes  the  turnout  curve,  and  any  excess  length  at  the 
toe  of  the  frog  has  the  tendency  to  sharpen  the  turnout  curve.  I  do  not 
believe  in  putting  in  a  great  excess  of  length  towards  the  toe  of  the  frog 
for  the  reason  that  we  can  not  get  together  with  our  motive  power  depart- 
ment in  regard  to  the  locomotives  used  in  yards,  and  when  we  come  to 
lengthen  the  No.  7  frog  so  as  to  have  it  15  feet  long,  and  have  an  excess 
of  material  towards  the  toe,  we  sharpen  that  curve  too  much  for  some  of 
our  modern  yard  engines. 

Mr.  Bremner: — We  will  come  to  curved  frogs  and  curved  switch 
points  before  long  on  roads  where  heavy  engines  are  used. 

Mr.  Clausen : — I  wish  to  emphasize  further  what  Mr.  Kittredge  said 
in  regard  to  insulated  joints.  On  account  of  the  growing  use  of  track 
circuits  for  signaling  purposes  and  the  fact  that  the  track  circuit  is  the 
foundation  of  any  complete  signaling  system,  it  will  be  necessary  in  the 
future  to  use  a  large  number  of  insulated  joints.  I  think  this  matter 
should  be  given  consideration  by  the  Committee. 

(The  motion  was  carried.) 

Mr.  Hickey : — The  Committee's  recommendation  in  reference  to  guard 
rails  is  as  follows : 

"Guard  rails  11  ft.  long,  with  beveled  end  bolted  to  main  track  rail 
with  filler  blocks  and  foot  guards  are  recommended,  with  flangeway  of  2 
in.  between  main  track  rail  and  guard  rail.  Drawing  of  guard  rail  is 
shown  on  plan  of  frog." 

The  President: — Is  there  any  discussion  on  the  subject  of  guard 
rails? 

Mr.  Ewing: — I  think  it  unwise  to  have  a  guard  rail  il  ft.  long; 
furthermore,  it  is  very  objectionable  to  bend  the  end  of  the  rails  as 
sharply  as  shown  on  this  plan.  If  bent  as  abruptly  as  shown,  it  causes  a 
very  bad  jar  on  the  rolling  stock  and  tends  to  a  displacement  of  the 
guard  rail.  I  believe  that  the  bend  of  the  rail  should  be  carried  back  to 
a  point  of  3  ft.  from  the  end  of  the  rail  and  taper  gradually  from  that 
point,  and  that  the  guard  rail  should  be   15  ft.   in  length. 

Mr.  Kittredge : — I  would  move,  in  order  to  get  the  matter  properly 
before  the  convention,  that  this  part  of  the  report  be  referred  back  to 
the  Committee. 

Mr.  Wendt : — When  the  Committee  brings  in  its  recommendation 
next  year,  I  would  suggest  that  if  it  does  recommend  a  2-in.  throat, 
some  reason  be  given.     It  seems  to  me  that  is  wrong.     The  general  prac- 
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tice  is  i^  in.,  and  if  the  Committee  sees  fit  to  recommend  2  in., 
they  ought  to  give  reasons  for  their  recommendation. 

Mr.  Camp : — I  want  to  emphasize  what  IMr.  Ewing  said  in  regard  to 
the  length  of  the  bend  on  the  guard  rail.  I  think  that  should  never  be 
less  than  3  ft.  and  preferably  more.  I  think  it  is  wrong  in  principle  to 
specify  any  width  of  flangeway.  .According  to  the  Master  Car  Builders' 
standard  the  wheel  gage  is  4  ft.  6J4  i"-  from  back  of  one-wheel  flange 
to  the  fillet  of  the  mating  wheel  flange.  From  the  gage  line  of  the 
frog  to  the  working  side  of  the  guard  rail  the  gage  should  be  4  ft. 
6^  in.,  in  order  to  conform  to  the  wheel  gage.  Moreover,  if  there  is 
a  fixed  width  of  guard  rail  flangeway,  you  are  going  to  run  into  difficulties 
when  you  place  a  frog  and  guard  rail  where  the  gage  is  spread.  It  is  the 
practice  of  some  railroads  to  spread  the  gage  uniformly  a  quarter  of  an 
inch  through  the  switches,  both  on  tangents  and  on  curves ;  and  again,  a 
switch  may  be  located  on  a  curve  where  the  gage  is  spread  to  accom- 
modate the  wheel  base  of  the  locomotive.  So,  in  my  opinion,  the  only 
proper  way  to  place  a  guard  rail  is  to  lay  it  with  reference  to  the  gage 
line  of  the  frog. 

Mr.  Kittredge : — The  plan,  as  nearly  as  I  can  discover  from  examina- 
tion, does  not  provide  for  clamps  or  bolts.  It  apparently  depends  on  a 
few  rail  braces  to  hold  the  guard  rail  in  position.  I  would  like  to  suggest 
to  the  Committee  that  the  question  of  clamps  or  bolting  the  guard  rail  be 
carefully  considered. 

Mr.  L.  G.  Curtis  (Baltimore  &  Ohio)  ; — The  position  of  the  clamps 
should  be  recommended  by  the  Committee. 

Mr.  Hickey: — I  might  say  that  the  diagram  shows  the  guard  rail  to 
be  bolted,  two  bolts  at  each  end  and  one  in  the  center. 

Mr.  A.  S.  Baldwin : — With  the  sharp  bend  made  in  the  guard  rail 
there  is  an  impingement  of  the  wheel  against  the  guard  rail,  wherever  the 
wheels  are  slightly  out  of  gage,  and  the  longer  the  approach  to  the  bend 
of  the  guard  rail  can  be  made  the  impingement  is  lessened  and  the  easier 
the  entrance  of  the  wheel  into  the  guard  rail.  I  believe  that  the  standard 
distance  should  be  maintained  on  the  guard  rail  a  sufficient  length  only  to 
thoroughly  protect  the  point  of  the  frog,  and  that  all  the  rest  should  be 
taken  up  in  making  as  gradual  an  approach  as  possible  for  that  standard 
distance.  I  would  like  to  have  the  Committee  explain  how  it  arrived  at 
this  throat  distance  of  2  in.  It  is  not  in  accordance  with  general 
practice. 

Mr.  Knickerbocker: — Perhaps  1  can  explain  the  condition  of  the 
flangeway.  I  have  before  me  the  print  of  the  Master  Car  Builders'  stand- 
ard, which,  according  to  our  plan  of  2  in.,  would  make  a  clearance  of 
three-eighths  of  an  inch.  If  that  were  on  a  straight  track,  that  would  be 
the  condition.  I  also  have  before  me  a  consolidation  engine  of  the  New 
York  Central  with  a  flangeway  which  shows  a  clearance,  on  a  straight 
track,  of  five-sixteenths  of  an  inch,  so  that  if  we  reduce  that  flangeway 
from  2  in.  to  i^,  we  are  going  to  get  into  trouble.  Until  the  Master 
Car  Builders  actually  say  what  the  thickness  of  that  flange  is  to  be  we 
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can  not  say   the   flangeway  should  be    i^   in.     We   have  to   say    it    will 
be  2  in.,  because  we  require  that  clearance. 

Mr.  A.  S.  Baldwin : — I  do  not  think  the  reasons  given  for  that  change 
are  entirely  sound.  There  has  been  some  slight  increase — I  am  not  posi- 
tive how  much — in  the  thickness,  which  would  make  a  slight  increase  over 
the  standard  distance  of  i^  in.  It  is  to  be  borne  in  mind,  however, 
that  the  allowance  that  is  given — and  I  am  assuming  that  2  in.  is  in- 
tended for  tangents  and  that  any  widening  of  curves  is  to  be  taken  care 
of  by  an  additional  amount — in  this  guard  rail  opening  for  clearance  will 
react  on  the  other  side,  in  permitting  the  other  side  of  the  wheel  to  run 
against  the  frog.  I  believe  the  true  method  of  considering  this  is  to  take 
what  is  the  actual  condition,  when  the  wheel  flanges  are  in  proper 
shape,  and  test  the  track. 

Mr.  Camp : — I  think  the  most  important  thing  about  this  discussion 
is  that  it  shows  the  need  of  some  consideration  by  the  Committee  of  the 
M.  C.  B.  standards.  That  Association  has  a  standard  thickness  of  wheel, 
and  this  has  been  changed  during  the  past  year.  Up  to  the  time  of  the 
change  that  thickness  was  i^  in.,  on  a  level  with  the  top  of  the  rail. 
During  the  past  year  they  have  found  it  necessary  to  thicken  the  wheel 
flange  in  order  to  make  it  stronger,  and  they  have  made  it  one-eighth  of 
an  inch  thicker.  But  the  full  thickness  of  the  metal  added  does  not  come 
at  the  level  of  top  of  rail.  The  new  standard  makes  the  wheel  flange 
about  5-64  thicker  at  that  point  than  it  was  before. 

Mr.  Ewing: — Our  published  rule  is  exactly  as  stated  by  Mr.  Camp.  1 
do  not  see  how  you  can  guard  a  frog  point  in  any  other  manner.  Tlie 
M.  C.  B.  minimum  distance  between  back  of  flanges,  as  I  recall,  is  4  ft. 
5  in.  In  order  to  have  a  wheel  trail  naturally  through  the  frog,  you 
have  a  total  distance  on  both  sides  the  difference  between  4  feet  5,  and 
4  ft.  85^,  which  is  3^-2  in.,  or  i^  in.  difference  to  be  provided  for  on 
each  rail,  and  that  really  fixes  the  location  of  the  guard   rail. 

Mr.  O.  E.  Selby  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — One 
point  that  has  not  been  touched  on  in  the  discussion  is  the  permissible 
variation  in  the  wheel  gage.  The  M.  C.  B.  standard  calls  for  4  feet  5 
inches  between  backs  of  wheels,  or  4  ft.  6^  in.  from  the  gage  line  to 
the  back  of  the  wheel,  but  they  also  permit  a  considerable  variation  from 
those  dimensions  before  the  wheels  are  ruled  out — I  think  within  3-16 
of  an  inch  each  way — making  a  total  variation  of  ^  in.,  so  that  we 
must  provide  in  the  guard  rail  gage  not  only  for  the  standard  distance, 
but  for  the  variations  from  it  which  are  permitted  and  are  very  frequent. 

Mr.  Hickey : — In  regard  to  the  space  between  the  guard  rail  and  the 
stock  rail,  the  Committee  arrived  at  those  conclusions  with  the  track  at 
accurate  gage,  and  it  seems  to  me  that  it  is  only  under  those  condi- 
tions that  a  guard  rail  can  be  placed  accurately.  Get  your  track  at  accu- 
rate gage,  and  then  give  the  guard  rail  an  opening  of  2  in.  The 
distance  from  the  outside  of  the  guard  rail  to  the  frog  point  is  what  is 
to  be  aimed  at.     We  allow  that  we  get  it  in  that  way.     If  by  reason  of 
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the  different  conditions  of  the  gage  of  the  track  at  the  frog,  it  is  a  well- 
known  fact  that  the  guard  rail  must  be  maintained  in  the  same  position 
— four  feet  six  and  one-half  inches  between  the  frog  point  and  outside  of 
guard  rail ;  if  the  track  is  left  wide  gage,  the  opening,  or  flange-way 
between  the  guard  rail  and  stock  rail,  must  be  accordingly  wiae. 

The  President: — You  have  heard  the  motion  to  refer  back  to  the 
Committee. 

Mr.  A.  S.  Baldwin : — As  to  the  length  of  the  guard  rail,  in  my 
opinion  it  is  too  short.  With  an  ii-ft.  guard  rail  it  will  not  be  possible 
to  obtain  a  sufficiently  gradual  approach  with  a  standard  throat  in  the 
bending  of  the  guard  rail. 

Mr.  Bremner : — Nothing  has  yet  been  said  about  the  foot  guards 
shown  in  the  report.  There  are  better  foot  guards  on  the  market  than 
those  shown  in  the   report. 

(The  motion  was  carried.) 

Mr.  Hickey : — The  Committee's  second  conclusion  refers  to  the 
curing  of  wet  cuts,  and  reads  as  follows : 

"(2)  Glazed  sewer  pipe  with  bell  end  is  recommended  for  drainage 
in  wet  cuts.  The  pipe  should  be  laid  without  cemented  joints,  be  covered 
with  hay  or  straw  and  cinders,  and  laid  below  the  frost  line.  Your 
Committee  believes  that  slides  are  best  cured  by  the  use  of  French 
or  pillared  drains." 

Mr.  Ewing : — I  would  like  to  ask  the  Committee  if  they  have  given 
any  thought  to  or  had  experience  with  glazed  pipe  that  is  perforated. 

Mr.  Hickey:- — I  have  never  had  any  experience  with  perforated 
glazed  pipe.  I  have,  however,  with  a  tile  known  as  the  field  tile ;  the 
glazed  tile  with  the  bell  ends  has  given  the  best  satisfaction  and  I  found 
it  the  most  durable. 

Mr.  L.  G.  Curtis : — We  have  a  great  deal  of  glazed  tile,  with  straight 
ends,  laid  above  the  frost  line  in  wet  cuts,  where  we  have  springs,  and 
those  springs  working  the  year  round,  even  in  real  cold  weather,  keep 
the  tile  open.  It  is  not  necessary  to  put  them  below  the  frost  line, 
because  the  frost  never  effects  the  tile,  and  with  straight  ends  we 
lay  the  tile  on  a  rounded  surface  with  a  special  spade,  fill  trench  with 
cinders  and  get  good  satisfaction.  We  have  had  very  few  failures  on 
our   straight  end  glazed  tile. 

Mr.  Camp : — This  recommendation  for  bell  ends  on  tile  is  a  matter  to 
consider.  One  important  thing  in  laying  tile  is  to  get  it  of  uniform  grade 
— a  uniform  fall  inside  of  the  pipe — and  if  you  have  bell  ends  on  the  tile 
it  is  more  difficult  to  get  it  that  way.  If  the  tile  gets  out  of  grade  and 
becomes  broken  up  it  will  fill  up  with  sediment  to  that  extent. 

I  think  it  would  be  well  if  some  members  who  have  laid  tile  with 
bell  ends  would  give  us  the  result  of  their  experience.  Can  they  get  it 
laid  to  as  uniform  grade  as  they  do  the  straight  tile?  It  is  easy  to  spade 
out  the  trench  to  a  uniform  grade  line,  but  if  the  tile  sections  have  bell 
ends,  holes  must  be  dug  in  the  bottom  of  the  trench  to  let  the  straight 
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part  of  the  tile  section  down  to  a  bearing.  In  this  way  the  tile  will  be 
humped  up  in  places  unless  extra  care  be  taken. 

Mr.  Kittredge  : — In  order  that  this  matter  may  be  formally  handled, 
I  move  that  this  recommendation  be  referred  back  to  the  Committee. 

(The  motion  was  carried.) 

Mr.  Hickey : — Conclusion  No.  3  reads:  "After  careful  consideration, 
your  Committee  can  find  no  reasons  for  changing  the  recommendation 
for  drilling  of  rails." 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — I  do  not  know  that  any  vote 
i.5  necessaiy  on  the  subject.  The  conclusion  of  the  Committee  is  in  re- 
sponse to  the  instructions  of  the  Board  to  take  under  consideration 
whether  there  were  reasons  to  look  into  the  ciuestion,  and  my  opinion  is, 
unless  some  one  on  the  floor  desires  to  have  discussion,  that  no  further 
action  on  this  conclusion  is  necessary. 

The  President : — The  chair  coincides  with  Mr.  Berg  on  this  matter. 
The  Committee  has  already  agreed  with  the  action  of  the  Committee  on 
Rail. 

]Mr.  McDonald : — Have  we  not  overlooked  the  recommendations  of 
the  Committee  regarding  treatment  of  slides?  I  have  not  had  an  oppor- 
tunity of  seeing  the  paper  referred  to  in  this  connection.  I  would  like 
to  ask  that  the  Secretary  publish  it,  if  not  too  long,  in  our  Proceedings. 

The  President : — Do  you  mean  to  ask  for  permission  from  the  on- 
vention  ? 

Mr.  McDonald  : — The  Committee  refers  to  the  publication  of  a  paper 
by  the  Western  Society  of  Engineers,  in  regard  to  the  treatment  of 
slides.  My  own  experience  is  that  I  have  been  successful  in  burning,  where 
there  is  not  too  much  sand  in  the  clay.  It  would  be  rather  inconvenient 
for  every  member  to  obtain  a  copy  of  that  paper.  I  would  suggest  that 
it  be  published  in  the  Bulletin,  or  in  our  Proceedings,  provided  we  can 
obtain  permission  to  do  so. 

The  President: — That  is  within  the  jurisdiction  of  the  Committee  on 
Publications.  The  Secretary  will  consider  himself  instructed  to  that 
extent.  Unless  there  is  further  discussion,  the  Committee  will  be  relieved, 
with  the  thanks  of  the  convention. 


REPORT  OF   COMMITTEE  NO.  XIII— ON  WATER 

SERVICE. 

To    the   Members    of   the    American   Raihuay   Engineering    and   Mainte- 
nance of  Way  Association: 

The  instructions  given  to  your  Committee  by  the  Board  of  Direc- 
tion were  as   follows : 

(i)  Consider  and  report  more  fully  upon  the  minimum  amount 
of  scaling  matter  which  will  justify  treatment,  and  the  composition  as 
affecting  the  same. 

(2)  Report  more  fully  upon  the  use  of  barium  hydrate  for  soften- 
ing water,  and  its  advantages  as  compared  with  reagents  in  common 
use  for  treatment  of  water  containing  salts  of  lime  and  magnesia. 

(3)  Report  upon  the  comparison  of  various  typical  methods  in 
use  for  softening  water,  cost  of  installation,  maintenance,  operation 
and    resulting   economy   as    compared   with   the   use   of   untreated    water. 

(4)  Consider  the  effect  upon  boilers  and  upon  the  operation  of 
locomotives  by  the  increase  of  soluble  salts  producing  foaming  water, 
resulting   from   the  treatment   of  hard   water. 

(5)  Consider  and  report  upon  some  of  the  typical  structures 
and  methods   of  ordinary  water   supply   for  railroads. 

(6)  Report  upon  the  use  of  coal  and  gasoline  as  motive  power 
for  pumping  plants,  with  relative  economy  of  each,  under  different 
conditions. 

The  first  four  paragraphs  of  the  foregoing  pertain  particularly 
to  the  subject  of  water  softening,  and  the  present  report  of  your 
Committee  is  intended  to  deal  solely  with  this  subject,  leaving  the 
last  two  paragraphs  for  further  investigation  and  study  before  making 
a    report   on   the   same. 

As  the  subject-matter  contained  in  the  first  four  paragraphs  is 
closely  connected,  it  will  be  necessary  to  vary  the  order  somewhat 
to  obtain  a  full  understanding  of  the  subjects  under  consideration,  and 
also  to  repeat  to  a  certain  extent  matter  that  has  appeared  in 
previous   reports. 
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METHODS   IN   USE   FOR   WATER   SOFTENING. 

For  a  number  of  years  railway  companies  have  been  crudely 
treating  their  boiler  waters  by  introducing  either  a  boiler  compound 
or  soda  ash  into  the  locomotive  tanks.  As  the  different  waters  have 
scale-forming  matter  varying  not  only  in  quantity  but  also  in  com- 
position, the  proportion  of  chemical  reagent  used  should  of  necessity 
vary,  depending  on  the  analyses  of  the  waters  and  the  quantity  taken 
at  each  water  station.  For  this  reason,  boiler  compounds  are  very 
objectionable  unless  only  the  necessary  reagents  are  used  in  preparing 
the  compound,  necessitating  a  different  compound  for  each  different 
water,   an  impracticable  thing  to  be   considered  in  locomotive  operation. 

Soda  ash  usually  gave  better  results  than  compounds  of  unknown 
composition,  and  was  more  widely  used  in  practice.  By  the  use  of 
soda  ash  in  the  proper  proportion,  the  sulphates  of  lime  and  mag- 
nesia, held  in  solution  in  the  water,  were  decomposed,  precipitating 
the  insoluble  carbonates  of  lime  and  magnesia  and  increasing  the 
soluble  sulphate  of  soda,  giving  the  boilers  a  greater  tendency  to 
foam.  The  bicarbonates  of  lime  and  magnesia  were  precipitated  within 
the  boiler  in  the  insoluble  carbonate  form,  the  heat  driving  off  the 
carbonic  acid  that  held  them  in  solution.  Under  the  best  use  of  this 
method  of  softening  water,  the  enginemen  were  instructed  as  to  the 
proper  amount  of  reagent  to  use  at  each  water  station  for  a  given 
quantity  of  that  particular  water.  Owing  to  the  crude  methods  of 
determining  the  quantity  of  water  taken  and  of  measuring  the  amount 
of  reagent,  the  result  was  usually  a  deficiency  or  an  excess  of  re- 
agent with  a  corresponding  tendency  to  either  form  scale  or  to 
greatly  increase  the  foaming  nature  of  the  water.  The  greater  portion 
of  the  reaction  took  place  within  the  boilers  requiring  more  frequent 
blowing  off,  changing  of  water  and  boiler  washing  on  account  of  the 
concentration  of  the  foaming  sails  as  well  as  the  accumulation  of  mud 
in  the  boiler.  Among  the  best  authorities  it  has  been  conceded  that 
the  practice  of  treating  the  waters  within  the  boilers  is  extremely 
objectionable. 

In  order  to  secure  more  uniform  results  in  treating  water  and 
have  reaction  take  place  outside  of  the  boiler,  thereby  relieving  it  of 
the  accumulation  of  mud,  scale  and  other  damaging  materials,  the 
modern  mechanical  water-softener  has  been  evolved.  One  of  the  princi- 
pal features  of  a  modern  water-softener  is  the  method  of  controlling 
the   amount   of   reagents   introduced    with   the   water.     In   all   plants   the 
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reagents  are  first  weighed  out  and  dissolved  in  solution  tanks  in  the 
proper  proportion,  as  directed  by  the  chemist.  The  mechanical  de- 
vices for  introducing  these  solutions  into  the  untreated  water  are 
various,  but  the  intent  is  to  have  the  flow  of  the  solutions  automatically 
regulated  so  as  to  always  be  in  constant  proportion  to  the  flow  of 
water  into  the  softener.  This  constant  proportion  is  best  maintained 
when  this  portion  of  the  device  is  least  subject  to  wear  in  its  parts, 
providing  it  is  otherwise  correctly  designed.  As  the  efficiency  of  a 
softener  depends  partially  on  this  device  and  the  uniformity  of  results 
almost  wholly  (assuming  that  solutions  are  properly  prepared),  the 
importance  of  having  good  practical  design  in  this  part  of  the  ap- 
paratus   cannot    be    overestimated. 

TYPES    OF    SOFTENERS. 

Two  general  types  of  softeners  have  been  designed — the  con- 
tinuous and  the  intermittent.  In  the  continuous  type,  the  natural 
water  is  introduced  into  the  softener,  passing  through  one  or  more 
chambers  and  finally  flowing  off  into  the  regular  storage  tank,  the 
sludge  being  precipitated  to  the  bottom  of  the  softener  and  drawn 
oflf  by  means   of  a  valve  from  time  to  time,  as   necessary. 

In  the  intermittent  type  the  water  passes  into  settling  tanks,  from 
whence  it  is  drawn  off  by  pumping  or  gravity  after  reaction  has  taken 
place    and    the   solids    have   been    precipitated. 

A  modification  of  the  intermittent  type  is  used  on  some  railroads 
by  utilizing  the  regular  storage  tanks  for  settling  purposes,  but  unless 
full  time  is  given  for  reaction  and  settlement  prior  to  the  water 
being  drawn  off  into  locomotives,  this  form  will  not  give  the  same 
economical  results  as  either  of  the  other  forms.  The  control  of  re- 
agents may  be  good,  but  a  portion  of  the  reaction  will  take  place 
in   the   boiler,   with   a   consequent   increase   in   mud   deposited. 

Practical  experience  with  the  better-designed  types  of  both  the 
continuous  and  intermittent  plants  has  shown  that  there  is  no  dif- 
ference in  the  efficiency  of  water-softening,  providing  the  mechanical 
devices  for  control  of  the  reagents  are  properly  designed  and  the  cor- 
rect proportions  given  to  the  other  parts  of  the  plants. 

In  either  type  of  softener  it  is  essential  that  sufficient  time  should 
elapse  between  the  introduction  of  the  water  into  the  softener  and 
its  transfer  to  the  storage  tank,  to  obtain  proper  reaction  and  pre- 
cipitation.    There   are   many   plants   in   operation    at   present,    which    are 
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a  disappointment  to  the  officials,  mainly  because  this  important  feature 
has  been  overlooked,  and  the  actual  capacity  for  a  thorough  treatment 
of  the  water  is  very  much  less   than  the   rated  capacity. 

Practice  has  demonstrated  that  between  three  and  four  hours  is 
necessary  for  reaction  and  precipitation,  depending  largely  on  the 
temperature  of  the  water  and  the  composition  of  the  scaling  matter 
held  in  solution.  Water  taken  from  running  streams  in  winter  should 
have  at  least  four  hours'  time.  In  all  softeners  there  should  be  some 
form  of  filter  for  water  to  pass  through  before  finally  passing  into 
the  storage  tank,  in  order  to  eliminate  any  flakes  of  scale  or  mud 
forming  matter   that   still   may  be   held   in    suspension. 

The    hourly    capacity    of    a    water-softener    is    the    average    quantity 

of    treated    water    that    it    can    furnish    to    the    storage    tanks    per    hour 

» 
with    constant    operation    of    the    plant.      In    both    types    of    softeners 

there  is  a  certain  portion  of  the  plant  intended  to  receive  the  pre- 
cipitated matter  or  "sludge."  The  portion  of  the  plant  above  this,  in 
which  the  reaction  takes  place,  determines  the  capacity  of  the  plant, 
assuming  proper   design   in   the   mechanism   of  the   softener. 

In  a  continuous  softener,  the  volume  of  the  chambers  through 
which  the  water  passes,  between  the  top  of  the  portion  reserved  for 
sludge  and  the  outlet  through  which  the  water  finally  flows  to  the 
storage  tank,  should  be  at  least  three  times  the  hourly  capacity  of 
the  plant,  and  where  the  temperature  of  the  water  is  low,  it  should 
be    four    times    the    hourly    capacity. 

The  determination  of  the  number  and  volume  of  settling  tanks 
for  intermittent  softeners  is  a  more  complex  problem.  It  depends 
on  the  number  of  pumps,  or  batteries  of  pumps,  necessary  to  handle 
the  water ;  time  required  to  fill  or  empty  each  settling  tank,  above  the 
sludge    line,    and    time    necessary    for    reaction    and    precipitation. 

An  ideal  situation  for  either  type  of  water-softener  would  be  one 
where  the  water  would  flow  by  gravity  into  the  softener  and  also 
from  the  softener  into  the  storage  tank,  requiring  no  pumps  for  the 
handling    of    the    water. 

In  the  majority  of  cases  pumps  will  be  needed  with  intermittent, 
plants    as    follows : 

One    pump   only    is    necessary. 

(i)  Where  water  is  pumped  to  settling  tanks  and  is  transferred 
by    gravity    to    storage    tanks. 

(2)  Where  water  flows  by  gravity  to  settling  tanks,  and  is 
transferred   to   storage  tank  by  pumping. 
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(3)  Where  water  is  pumped  to  both  the  settling  and  storage 
tanks  and  the  source  of  supply  is  ample  to  furnish  double  the 
capacity   of   the    softening   plant. 

Two   pumps   are  necessary. 

(4)  Where  deep  well  pumps  furnish  supply  and  water  must  be 
pumped    from   settling   tanks    to   storage   tanks. 

(5)  Where  water  is  handled  by  pumping  to  both  settling  and 
storage  tanks,  but  the  source  of  supply  is  not  ample  to  furnish  at 
least   double   the   capacity    of   the   plant. 

In  all  of  the  cases  where  pumps  are  needed,  excepting  the  third 
case,  the  capacity  of  each  pump,  or  battery  of  pumps,  used  for  each 
operation  should  be  equal  to  at  least  the  treating  capacity  of  the  soft- 
ener. If  the  pumps  used  to  transfer  the  treated  water  are  of  a  larger 
capacity,  so  that  water  can  be  transferred  to  storage  tanks  in  less 
time  than  is  required  to  fill  the  settling  tanks,  less  settling  tank  ca- 
pacity will  be   required. 

In  the  third  case  given  above,  as  the  pump  must  handle  the  water 
twice  in  its  transfer  from  the  source  of  supply,  through  the  softener 
and  into  the  storage  tank,  its  capacity  must  be  at  least  equal  to  double 
the  capacity  of  the  softener,  and  the  supply  must  be  sufficient  for  the 
pump. 

At  least  three  feet  of  the  bottom  of  each  settling  tank  should  be 
reserved  for  the  accumulation  of  the  precipitates ;  therefore,  in  esti- 
mating the  settling  space  needed  and  the  capacity  of  settling  tanks,  the 
settling  space  should  be  considered  as  lying  entirely  above  this  reserved 
portion. 

With  these  points  in  mind,  the  proper  capacities  for  settling  tanks, 
measured  above  the  space  reserved  for  sludge,  can  be  determined  as 
follows : 

a  =  capacity  of  softener  in  gallons  per   hour. 

b  =  hours   required   for   reaction  and  precipitation. 

t"  ^  number  of  settling  tanks   (never  less  than  2). 

x  =  number   of    hours    required   to   fill   the   portion    of   settling   tank 

above  the  "sludge"   portion. 
y  =  number   of  hours   required   to   transfer  treated   water   from   one 

settling  tank  to   the  storage  tank,     (y   should   never   be  greater 

than  X.) 

In  case  3,  before  given,  where  one  pump  alternates  between  filling 
and  emptying  settling  tanks,  the  time  for  filling  and  emptying  the  total 
number   of  tanks   less    one    must   equal   the  time    for    reaction   and   pre- 
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cipitation  in  that  one,  and  x  would  equal  y.  As  the  capacity  of  the 
pump  must  be  double  the  capacity  of  treating  plant,  the  settling  ca- 
pacity in  each  tank  would  be  2a.v. 

The    equations    expressing   the    abovfc    are : 
2  X    (c —  i)  =b 
b 

2C  — 2 

2ab  ab 

Settling  capacity  each  tank  =  2ax  = ■ —  = . 

2C  —  2         c  —  I 

For    plants    where    the    quantity    of    water    supplied    to    the    softener 

and   the   capacity  of  the   plant   are   equal,   the  settling  capacity  of  each 

tank   is   equal   to    ax.     The   total   number    of   hours    required    to    fill    all 

the   settling   tanks   should   equal   the   number    of   hours    required    to   fill, 

precipitate   and    empty    one    tank,    as    expressed    by    following    equation: 

c  X  ^=1  X  -\-b  -\-  y 
A-  (r— i)  =^j  +  y 
b-Vy 


b                               ab 
If  y  =  x,  then  .r^— — ■ — ;   and   ax—- 


c  —  2  c  —  2 

b  ab 

If  y^lAx,  then  x  =^  ■ ;   and  a  .v  ^= . 

c—i.S  c  —  \.s 

Table  No.  i  is  developed  from  these  equations  and  gives  the  proper 
settling  capacity  per  i,ooo  gallons  per  hour  capacity  of  treating  plant 
under  various  conditions  and  varying  number  of  settling  tanks.  From 
this  table  it  can  be  seen  that  with  the  same  time  allowed  for  reaction 
and  precipitation,  the  least  number  and  smallest  capacity  of  settling 
tanks  is  required  where  the  flow  of  the  untreated  water  to  the  softener 
is  double  the  hourly  capacity  of  the  softener,  and  the  one  pump  works 
alternately  filling  and  emptying  these  tanks.  Where  pumping  is  a 
necessity  and  sufficient  supply  can  be  obtained,  this  one  pump  plan  will 
be  the  cheapest  and  most  economical  in  maintenance  and  operation  of 
the   intermittent   plants. 
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TABLE  No.    ). 

PROPER   SETTLING    CAPACITY   OF  TASKS   ABOVE   THE    PORTION   RESERVED    FOR    SLUDGE.     fNDER 
VARIOUS   CONDITIONS   OF   OPERATION   OF   INTERMITTENT   WATER   SOFTENERS. 


Number  of 
Tanks. 

Time  required,  F.ach  Tank. 

Settling  Capacity  of    Tanks  per 

1,000  Gallons,  Capacity 

of  Softener. 

•■c" 

Filling. 

"X" 

Reaction. 
"6" 

Emptying. 

Each  Tank.                Total. 

\vt 

len  flow  of  water  to  softener  is  double  the  capacltj  of  softener, 

8 

<       3 

4 

2     Hours 
1 
%     " 

4  Hours 
4      " 
4      " 

2     Hours 
1 

%      " 

4,000  Gals. 
2.000      •' 
1  333      " 

8,000  Gals. 
6,000      •■ 
5.333      •' 

2 
3 
4 

m    " 
u    " 

3      " 
3      " 
3      " 

hi    " 

3.000      " 
1.500      " 
1.000      '• 

6,000      " 
4  500      " 
4.000      •' 

\ 

Vhen  flow  of 

■vater  to  softener  equals  th« 

i  capacity  of  softener. 

3 
4 
5 
6 

4     Hours 
2 

iH     " 
1 

4  Hours          4     Hours 
4      ••               2        •• 
4      •'                }%      " 
4      "                1 

4,000  Gals. 
2.000      •' 
1.33.J      ■• 
1.000      " 

12.0C0  Gals. 
8000      •• 
6.667      •' 
6,000      •• 

2 
3 
4 
5 

8 

2%      " 

,3            .. 

4       "                  4           " 

4     ;;            n<,    ;; 

8.000      •■ 
2.667      •• 
1 ,600      •• 
1,143      " 

16,000      " 
8,000      " 
6,400      '• 
5.714       '• 

3 
4 

5 

3 

1 

3       "                 .'! 

3       •■                  I'.e      •• 

3       "                  1           •• 

3  000      " 
1,500      •• 
i,(CO      " 

9.000      " 
6,000      " 
5,000      " 

2 
3 
4 
5 

6 
2 

H     ;; 

7 

3       ••                 3          •• 
3       "                  1           •■ 
3       •'                    i        •' 
3       ••                    ?        •■ 

6,000      •• 

2.000      " 

1,200      •' 

Si7      " 

12.000      " 
6,000      " 
4.800      " 
4,286      " 

RELATIVE  ECONOMY  OF  CONTINUOUS  AND 
TENT  SOFTENERS. 


INTERAIIT- 


Considering  that  both  types  are  properh-  designed  and  equally  effi- 
cient in  treating  water,  the  only  method  of  comparing  their  economy 
is  to  consider  the  total  annual  cost  of  each.  This  cost  would  embrace 
interest  charges,  depreciation,  running  repairs,  labor  and  fuel  or  power 
charges.  These  items  will  varj',  depending  on  the  type  of  plant  used, 
materials  used  in  construction,  and  the  local  cost  of  labor  and  materials. 
The  points  to  be  considered  under  each   item  are  as  follows : 

Interest  :  The  annual  interest  on  the  cost  of  the  plant  installed, 
plus  the  interest  on  the  value  of  ground  space  occupied  by  the  plant 
wherever  such  item  is  of  consequence. 

Depreciation  :  A  sum  per  annum,  which,  if  placed  in  a  sinking 
fund  at  the  estimated  interest  rate,  will  amount  to  the  cost  of  plant 
installed,    less   the    value   of   scrap   material    recovered   at   the    expiration 
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of  the  life  of  the  plant  (see  table,  page  i6,  Kent's  Mechanical  Engi- 
neer's   Pocketbook). 

Running  Repairs  :  Should  include  the  average  annual  expense 
required  for  repairs  to  structure  and  machinery  to  give  it  the  esti- 
mated useful  life.  Quiet,  smooth-running  mechanical  parts  will  require 
less  repairs  to  the  plant  than  where  there  are  violent  shocks  or  heavy 
vibrations. 

Labor:  The  only  labor  that  can  be  consistently  considered  is  the 
additional  labor  required  to  operate  the  plant  over  and  above  the 
amount  of  labor  that  would  be  required  to  supply  the  storage  tanks 
with  the  natural  water  at  the  same  rate  that  this  water  is  supplied 
to   the   softener. 

Fuel  or  Power  :  This  item  is  to  be  considered  the  same  as  the 
previous  item,  being  only  the  additional  fuel  or  power  required  because 
of  the  plant. 

Knowing  the  local  values  for  the  foregoing  items,  it  will  be  a 
simple  matter  to  approximate  the  relative  economical  value  of  the 
different   types   of  softeners. 

REAGENTS    USED    IN    WATER-SOFTENING. 

Before  considering  the  economical  value  of  water-softening,  it  will 
be  necessary  to  consider  the  reagents  used  and  the  quantity  of  re- 
agents  needed.     Table    No.   2  gives  the   quantity   of   reagents   needed   to 


TABLE   No.  2. 

QUANTITY     OF     PURE     UEAGENTS     REQUIRED     TO     REMOVE     ONE     POUND     OF     INCKUSTING      OR 
CORROSIVE    MATTER    FROM    THE    WATER. 


Incrusting  or  Corrosive  Sub- 
stance Held  in  Solution. 

Amount  of  Reagent.  (Pure.) 

Foaming 
Matter  In- 
creased. 

Sulphuric  acid 

0.57  lb.  lime  plus  1.08  lbs.  soda  ash 

1.45  lbs. 

Free  carbonic  acid 

1.27  lbs.  lime 

None 

Calcium  carbonate 

0.56  lb.  lime 

None 

Calcium  sulphate 

0.78  lb.  soda  ash 

1.04  lbs. 

Calcium  chloride 

0.96  lb.  soda  ash 

1.05  lbs. 

Calcium  nitrate 

0.65  lb.  ioda  ash 

1.04  lbs. 

Magnesium  carbonate 

1.33  lbs.  lime 

None 

JIagnesium  sulphate 

0.47  lb.  lime  plus  0.88  lb.  soda  ash 

1.18  lbs. 

Magnesium  chloride 

0  591b.  lime  plus  1.11  lbs.  soda  ash 

1.22  lbs. 

Magnesium  nitrate 

0  38  lb.  lime  plus  0.72  lb.  soda  ash 

1.15  lbs. 

Calcium  carbonate 

1.71  lbs.  barium  hydrate 

None 

Magnesium  carbonate 

4  05  lbs.  barium  hydrate 

None 

Magnesium  sulphate 

1.42  lbs.  barium  hydrate 

None 

"Calcium  sulphate 

1.26  lbs.  barium  hydrate 

None 

*Ia  precipitating  the  calcium  sulphate,  there  would  also  be  precipitated  0.74  lb.  of 
calcium  carbonate  or  0  31  lb.  of  magnesium  carbonate,  the  1.26  lbs.  of  barium  hydrate 
performing  the  work  of  0.41  lb.  of  lime  and  0.78  lb.  of  soda  ash,  or  for  reacting  on  either 
magnesium  or  calcium  sulphate,!  lb.  of  barium  hydrate  performs  the  work  of  0.33  lbs. 
of  lime  plus  0.63  lb.  of  soda  ash,  and  the  lime  ireatmentcan  becorrespondingly  reduced. 
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remove   one   pound   of   incrusting   or   corroding   matter    from    the    water, 
also  the  effect  on  foaming  quality  of  the  water. 

The  first  portion  of  the  table  considers  the  use  of  lime  and  soda 
ash  as  reagents,  these  being  the  cheapest  and,  at  the  present  time,  the 
most  common  in  use.  The  great  objection  to  the  use  of  soda  ash 
is  the  increase  in  the  foaming  tendency  of  the  water.  The  latter 
portion  of  the  table  gives  the  quantity  of  barium  hydrate  required 
to  treat  the  carbonates  and  sulphates  of  lime  and  magnesia.  The 
foaming  tendency  of  water  is  not  increased  by  the  barium  hydrate 
treatment,   hence   its    advantage   over    soda    ash    as    a    reagent. 

Barium  hydrate  has  no  advantage  over  lime  as  a  reagent  to  pre- 
cipitate the  carbonates  of  lime  and  magnesia  and  should  not  be  con- 
sidered as  a  reagent  for  these  substances  except  in  connection  with 
the  treating  of  water  containing  calcium  sulphate.  If  there  were  no 
carbonates  of  lime  and  magnesia  in  the  water,  the  combination  of 
the  calcium  sulphate  with  the  barium  hydrate  would  produce  calcium 
hydrate  and  barium  sulphate.  Calcium  hydrate  is  soluble  in  water  at 
ordinary  temperatures  to  an  extent  of  about  95  grains  per  gallon: 
therefore,  the  water  would  still  be  hard.  Barium  carbonate,  if  easily 
soluble,  would  react  on  the  calcium  sulphate  and  precipitate  the  in- 
crusting  matter.  Barium  carbonate  is,  however,  only  very  slightly 
soluble,  but  can  be  produced  in  a  form  that  will  react  on  the  calcium 
sulphate,  by  the  combination  of  the  barium  hydrate  with  either  mag- 
nesium or  calcium  carbonates,  producing  barium  carbonate  as  one  of 
the  results  of  reaction,  and  if  this  reaction  be  carried  out  in  the 
presence  of  calcium  sulphate,  the  barium  carbonate  is  not  precipitated 
but  reacts  on  the  calcium  sulphate  before  it  can  separate  out  of  the 
solution.  For  each  pound  of  calcium  sulphate  removed  by  such  reac- 
tion there  would  be  removed  an  amount  of  the  calcium  and  mag- 
nesium carbonates  which  would  have  required  0.41  lb.  of  lime,  and 
the  lime  treatment  can  be  correspondingly  reduced. 

In  calculating  the  quantity  of  reagents  necessary  where  barium 
hydrate  is  used  in  place  of  soda  ash,  the  full  quantity  of  lime  should 
be  calculated  for  the  calcium  and  magnesium  carbonates,  and  from  this 
should  be  deducted  0.33  lb.  of  lime  for  each  pound  of  barium  hydrate 
required  on  account  of  the  calcium   sulphate. 

Knowing  the  analysis  of  a  water,  the  pounds  of  incrusting  or  cor- 
rosive   matter    held    in    solution    per    1,000    gallons    can    be    obtained    by 
dividing  the  grains  per  gallon  of  each  substance  by  seven,  or  the  parts 
per  100,000  by  twelve. 
39 
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By  using  Table  No.  2,  the  quantity  of  reagents  per  1,000  gallons 
can  be  readily  calculated,  and  by  applying  local  cost  of  the  same,  the 
cost  for  chemicals  per  1,000  gallons  will  be  obtained.  In  order  to 
know  the  full  amount  of  lime  necessary,  the  amount  of  free  carbonic 
acid  contained  in  the  water  should  be  determined,  as  well  as  the  solids 
contained  in  solution,  since  this  free  acid  must  be  eliminated  in  order 
to  obtain  efificient  treatment  of  water  and  reduce  scaling  matter  to  the 
minimum. 

MIKIMUM  AMOUNT  OF  SCALING  AND  CORROSIVE  MATTER 
WHICH  WILL  JUSTIFY  TREATMENT. 

The  amount  of  incrusting  solids  going  into  boilers  daily  from 
any  water  station  depends  on  the  analysis  of  the  water  and  the  quan- 
tity of  water  used  from  that  station,  hence  the  minimum  amount  of 
scaling  matter  which  will  justify  treatment  cannot  be  stated  in  terms 
of  analysis  alone,  but  should  be  stated  in  terms  of  pounds  incrusting 
matter  held  in  solution  in  a  day's  supply.  Neither  can  the  composition 
of  this  minimum  of  scaling  matter  be  definitely  stated,  since  it  requires 
a  greater  amount  of  reagents  and  much  more  expensive  ones  to  treat 
the  sulphates  of  lime  and  magnesia  than  to  treat  the  same  quantity 
of  carbonates,  as  shown  by  Table  No.  2.  Besides  the  scale-forming 
solids,  nearly  all  water  contains  more  or  less  free  carbonic  acid.  Sul- 
phuric acid  is  also  found  in  waters,  particularly  in  streams  adjacent 
to  coal  mines.  While  this  does  not  form  incrusting  matter,  very  seri- 
ous trouble  from  corrosion  will  result  from  a  small  amount  of  this 
acid. 

In  treating  waters,  the  acids  can  be  neutralized,  and  the  incrusting 
matter  can  be  reduced  to  at  least  5  grains  per  gallon  in  most  cases. 
Knowing  the  analysis  of  the  water  and  the  average  quantity  used 
daily,  the  pounds  of  matter  that  can  be  removed  daily  at  any  par- 
ticular water  station  can  be  readily  determined,  and  the  quantity  and 
cost    of    chemicals    per    day   or   per    annum    calculated. 

The  other  expenses  to  be  considered  are  interest  on  cost  of  treat- 
ing plant,  depreciation,  running  repairs,  additional  labor  and  fuel  or 
power  to  operate  the  plant.  As  already  explained,  the  expense  for 
these  items  will  vary,  depending  on  the  type  of  plant  used,  actual 
capacity  of  plant,  materials  used  in  construction  and  the  local  cost 
of   labor    and    materials. 

The  benefits  received  from  the  softening  of  water  will  also  vary, 
depending  mainly  on  the  amount  of  incrusting  or  other  injurious  matter 
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removed  from  the  boiler.  The  principal  benefits,  and  the  ones  most 
readily  converted  into  money  value,  are  the  reduction  in  cost  of  boiler 
repairs,  saving  in  fuel,  and  increased  service  obtained  from  the  loco- 
motives, due  to  less  frequency  of  shopping.  Engine  failures,  with 
consequent  cost  of  overtime,  will  be  reduced  and  a  mimber  of  minor 
annoyances    and   expenses    will   be   avoided. 

In  estimating  the  benefits,  due  to  the  removal  of  incrusting  solids 
prior  to  the  introduction  of  the  water  into  the  boilers,  it  must  be 
remembered  that  carbonates  of  lime  and  magnesia,  without  the  presence 
of  either  the  sulphates  of  lime  and  magnesia,  do  not  form  hard  scale,  but 
are  precipitated  in  boiler  as  soft  scale  and  mud,  which  can  be  removed 
for  the  most  part  by  washing  out  and  blowing  off.  A  very  small  por- 
tion of  either  of  these  sulphates,  in  combination  with  the  carbonates,  will 
cause  a  hard,  troublesome  scale  and  increase  the  expense  of  boiler 
maintenance.  With  clean  boilers,  less  fuel  will  be  necessary  to  evap- 
orate a  given  amount  of  water.  Authorities  differ  regarding  the  in- 
creased amount  of  fuel  required  for  a  given  amount  of  scale,  but  a 
conservative  estimate  seems  to  be  about  lo  per  cent,  increase  for  each 
i'g-in.  of  scale. 

The  average  locomotive  with  an  average  steam  coal  evaporates 
approximately  one  gallon  of  water  per  square  foot  of  heating  surface 
per  hour.  The  following  table  shows  the  number  of  hours  service  re- 
quired  to  make  i^e  -in.   scale   for  various   amounts   of   incrusting  matter : 


Pounds  Incrusting  Solids  per  1,000 
gallons  water  .        

1 

2 

3 

4 

5 

6 

Hours  of  service  to  accumulate  one- 
sixteenth  inch  scale 

781 

391 

260 

195 

156 

130 

However,  the  full  saving  of  fuel  will  not  be  made  if  the  foaming 
solids  of  the  water  have  been  increased,  as  more  water  will  have  to 
be  evaporated.  To  understand  this  fully  we  must  consider  the  effects 
on  operating  expenses  of  water  containing  foaming  solids.  Where 
matter  is  held  in  suspension  in  water,  priming  or  foaming  begins  at 
an  earlier  concentration  of  matter  in  solution  than  if  no  suspended 
matter  be  contained  in  boiler.  In  actual  practice  it  is  found  that  with 
a  concentration  of  about  loo  grains  of  foaming  solids  per  gallon  in 
locomotive  boilers,  trouble  from  foaming  will  begin.  In  order  to  avoid 
this  trouble,  the  boilers  must  be  blown  off  and  new  water  admitted  to 
take  the  place  of  this  wasted  water. 

Water  containing  lo  grains   of  foaming  solids   per  gallon  will  have 
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reached  the  critical  concentration  on  the  tenth  filling  of  the  boiler ; 
therefore  to  reduce  to  the  original  concentration,  the  water  should  be 
completely  changed,  i.  e.,  one-tenth  or  lo  per  cent,  of  the  water  taken 
in  the  boiler  would  be  blown  off  and  wasted.  For  fifty  grains  per 
gallon  of  foaming  solids,  50  per  cent,  would  be  wasted,  as  after  one 
boiler  full  had  been  evaporated,  the  water  would  have  reached  the 
critical  point. 

From  this  it  can  be  seen  that  the  grains  per  gallon  of  foaming 
solids  practically  represent  the  per  cent,  of  water  that  must  be  wasted 
by  blowing  off,  as  the  concentration  reaches  the  critical  point.  In  prac- 
tice it  would  probably  exceed  this,  as  it  would  not  be  policy  to  blow 
off  large  amounts  at  one  time  when  on  the  road,  on  account  of  the 
disadvantage  of  admitting  large  quantities  of  cold  water  to  take  its  place. 

If  natural  water  containing  10  grains  of  foaming  solids  has  this 
quantity  raised  to  20  grains  by  using  soda  ash  as  a  reagent,  there  would 
be  a  minimum  of  20  per  cent,  water  wasted  to  keep  it  below  the  critical 
point,  while  only  10  per  cent,  would  be  wasted  if  the  water  was  not 
treated,  or  if  barium  hydrate  was  used  as  a  reagent  instead  of  soda 
ash.  Therefore,  the  grains  increase  per  gallon  of  sodiutn  sulphate 
caused  by  using  soda  asli  as  a  reagent  represents  the  minimum  per 
cent,  of  water  wasted  in  changing  boiler  waters  over  what  would  be 
wasted  if  water  were  not  softened,  or  if  barium  hydrate  were  used 
as  a  reagent.  The  minimum  waste  would  be  represented  by  the  total 
cost  of  pumping  and  treating  this  wasted  water  by  soda  ash  plus 
the  cost  of  the  fuel  required  to  raise  this  water  from  the  temperature 
of  feed   water   to  the  temperature   of  the   water   in   the  boiler. 

For  an  increase  of  one  pound  foaming  matter  per  thousand  gallons 
of  feed  water,  it  would  be  the  total  cost  of  pumping  and  treating  70 
gallons  of  water,  and  the  fuel  for  heating  the  same  to  temperature  of 
boiler  water. 

For  any  other  increase  per  thousand  gallons  of  water,  the  minimum 
cost   would   be   directly   proportional   to   this. 

With  the  foregoing  points  in  view,  the  following  equation  is  given 
to  show  the  point  where  the  benefits  derived  from  treating  the  water 
will  just  balance  the  cost  of  treating: 

X=:  Number  cwt.   (100  lbs.)   solids  removed  from  water  per  annum. 
B  =  Money  value  of  benefits  received  from  removing  100  lbs.  solids; 
this   will   include : 
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Saving  in  boiler  washing  and  repairs. 
Saving  in   fuel. 

Increased  service  received  from   locomotives,  represented  by   the 
interest  on  the  cost  of  the  additional  number  of  locomotives 
that  would  be   required  to  perform   the  service   rendered  by 
locomotives  using  the  soft  water,  if  based  on  the  performance 
prior  to  treating  the  water. 
C^Cost   per    loo   lbs.    of   solids    removed    to   operate    the   plant,    as 
follows : 
Additional   cost   of   labor. 
Additional  cost  of  fuel  or  power. 
Cost  of  chemicals. 
Cost  of  current  repairs. 
D  =  Cost  of  plant  installed. 
/  =  Interest  per  annum  on  D. 
L  =  Estimated   useful   life  of  plant   in  years. 
R  =  Estimated    value    of    materials    recovered    from    plant    after    L 

years. 
•5"  =  Annual    depreciation    of   plant,    equivalent    to    a    sum    per    year, 
which,    if   placed    in    a    sinking    fund    at   /    rate    of    interest, 
would  amount  to  D  —  R    in  L  years.     (See  table,  page   i6, 
Kent's  pocket  book.) 
The  benefits  would  just  balance  the  cost  when  XB  =  XC  +  I-{-S. 

(I) 
I  +  S 

X  = (2) 

B  —  C 

The   number  of  pounds   solids   removed    daily  to   make   benefits   just 
I  +  S 

equal   the  cost  would  be (i) 

3.65  (B  ~  C) 

If  more  than  this  amount  of  solids  is  removed  the  plant  will  be 
profitable  to   the   company. 

Values  for  "B"  can  only  be  fixed  for  each  particular  case,  as 
some  of  the  matter  held  in  solution  is  much  more  injurious  than  the 
same  weight  of  other  matters.  The  mechanical  department  of  each 
railway  should  be  able  to  approximate  the  values,  knowing  the  propor- 
tions of  the   injurious  matter  in  the  water. 
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COMPARATIVE   VALUES   OF   BARIUM   HYDRATE   AND   SODA 
ASH  AS  REAGENTS. 

As  shown  by  Table  No.  2,  for  every  pound  of  calcium  or  mag- 
nesium sulphates  removed  by  the  use  of  soda  ash  as  a  reagent,  the 
foaming   solids    of   water   are   increased    1.04   and    1.18   lbs.,    respectively. 

Where  there  is  already  a  considerable  quantity  of  foaming  matter 
in  the  water,  or  where  there  are  large  amounts  of  these  scale-forming 
sulphates  to  be  treated,  this  increase  in  tendency  to  foam  may  be 
very  objectionable.  Barium  hydrate  as  a  reagent  does  not  increase 
the  tendency  to  foam,  hence  its  advantage  over  soda  ash.  In  treating 
either  calcium  sulphate  or  magnesium  sulphate,  one  pound  of  barium 
hydrate  performs  the  work  of  0.33  lb.  of  lime  and  0.62  lb.  of  soda 
ash.  As  already  explained,  a  portion  of  the  carbonates  of  lime  and 
magnesia  will  be  precipitated  in  treating  sulphate  of  lime,  and  the  lime 
treatment  correspondingly  reduced.  At  the  present  time  barium  hydrate 
is  a  much  more  expensive  reagent  than  soda  ash,  but  owing  to  its 
superiority  as  a  reagent,  chemists  are  experimenting  to  devise  practical 
methods  of  producing  it  at  a  cost  that  will  not  make  it  prohibitive. 
The  amount  that  railroads  can  pay  for  this  material  above  the  cost 
of  soda  ash  depends  entirely  on  the  value  of  keeping  foaming  solids 
down. 

For  any  given  water  station  the  following  equation  would  express 
relative    equivalent   values,    for   a    given    quantity    of    water : 

A  =^  Pounds  calcium  sulphate  to  be  removed. 

B  =  Pounds   magnesium   sulphate  to  be   removed. 

V  =  Cost  per  pound  lime. 

X  =  Cost  per  pound  soda  ash. 

Y  =  Cost  per  pound  barium  hydrate. 

Z  =  Value  to  remove  1.04  A  -\-  i.iS  B  foaming  solids  frotn  water. 

Then  the   reagents   required   would  be : 

For   Soda  Ash  treatment:     (,0.78  A -\- 0.8S  B)    soda  ash,  and  0.47  B  lime. 

,,       o     .        ,      ,        ,  \  (1.26/4 -f  1.425)   barium  hydrate  and 

ror  Barium  treatment:         -  ^   ,         ,- 

/  G.41  A  less  lime. 

Expense  of  reagents  and  wasted  water  would  be : 

For  Soda  Treatment :     X  (0.78  A  +  0.88  B)  +  0.47  B  V-\-Z. 

For  Barium  Treatment:    Y   (1.26  A  -{-  1.42  B) — 0.41  A  V. 

Then  for  equivalent  values  : 

Y  (1.26  A  -{-  1.42  B)  —  0.41  AV  =  X  0.78  A  +  0.88  B)  -f  0.47  B  V  +  Z. 

X  (0.78  -f  0.88  B)  +  0.47  B  V  +  0.41  AV  -^-Z 

Y  = 

1.26  A  -f  1.425 
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CONCLUSIONS. 

EFFICIENCY    OF    WATER    SOFTENERS. 

The  greatest  efficiency  in  the  operation  of  a  water-softening  plant 
is  produced  by  observing  the  following  conditions : 

(i)  The  solutions  containing  the  reagent  must  be  properly  pre- 
pared. 

(2)  The  reagents  should  be  as  near  chemically  pure  as  practicable. 

(3)  The  mechanical  device  for  introducing  reagents  must  be  such 
as  to  insure  as  near  as  possible  a  quantity  of  reagent  in  direct  pro- 
portion  to  the  flow  of  the   untreated  water. 

*(4)  The  volume  of  space  for  reaction  and  precipitation  must  be 
at  least  from  three  to  four  times  the  hourly  capacity  of  softener,  depend- 
ing on  temperature  and  analysis  of  the  water. 

The  equations  for  determining  this  space  for  both  types  of  softener 
and  Table  No.  i,  given  in  the  body  of  the  report,  conform  to  good 
practice. 

RELATIVE    ECONOMY    OF    DIFFERENT    TYPES    OF    SOFTENERS. 

The  relative  economy  of  the  diflferent  types  of  water  softeners  can 
be  determined  by  comparing  the  total  annual  cost  of  each,  excluding 
the   cost   of  chemicals.     This    annual   cost    would   be   composed   of: 

Interest  on  the  sum  of  the  cost  of  installation  and  value  of  ground 
space  occupied ; 

Depreciation ; 

Current  running  repairs ; 

Additional  labor  and  fuel  required  above  the  ordinary  cost  of  op- 
erating the  water  station. 


Table  No.  2,  giving  the  quantity  of  reagents  required  per  unit  of 
scaling  or  corroding  substance  held  in  solution,  should  be  approved 
as   correct   and    representing   good   practice. 

Where  the  commercial  product  is  not  chemically  pure,  the  pro- 
portion of  reagents  should  be  increased  to  correspond  with  an  equiva- 
lent   quantity    of    pure    reagent. 

FOAMING     OR     PRIMING. 

Water  having  foaming"  matter  in  solution  requires  changing  as 
the  concentration  of  foaming  solids  in  locomotive  boilers  reaches  the 
critical  point,  i.  e.,  about  100  grains  per  gallon. 


*See  amendment,  page  617. 
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The  grains  per  gallon  of  foaming  matter  in  solution,  represent  the 
minimum  amount  of  water  wasted  in  locomotive  boilers  by  blowing 
ofif   and   changing   waters. 

Treatment  by  soda  ash  increases  foaming  matter  in  solution,  with 
a  corresponding  per  cent,  increase  in  water  wasted  equivalent  to  at 
least    the    grains    increase    of    foaming    matter    per    gallon. 

For  each  pound  additional  foaming  matter  per  i,ooo  gallons  of 
water,  the  increased  expense  would  be  equal  to  the  cost  of  pumping 
and  treating  at  least  70  gallons  of  water,  and  the  fuel  for  heating 
the  same  to  the  temperature  of  boiler  water.  In  addition  to  this  ex- 
pense, would  be  the  damage  incurred  to  boilers  by  introducing  cold 
feed  water  to  replace  water  blown  out,  with  the  consequent  cooling 
of  tubes  and  sheets. 

MINIMUM    QUANTITY   OF    SOLIDS   IN    SOLUTION    TO   JUSTIFY    TREATMENT. 

The  minimum  quantity  of  solids  in  solution  that  will  justify  treat- 
ment depends  on  local  conditions.  By  applying  the  proper  local  values 
to  the  equation  given  in  the  body  of  the  report,  this  quantity  can  be 
determined. 

BARIUM     HYDRATE     AS     REAGENT. 

Barium  hydrate  as  a  reagent  does  not  increase  the  foaming  tend- 
ency of  the  water.  By  applying  the  proper  values  to  the  equations 
given,  the  cost  at  which  the  use  of  barium  hydrate  would  be  an 
economy   can   be   determined. 

Respectfully    submitted, 

A.  K.  Shurtleff,  Office  Engineer,  Chicago,  Rock  Island  &  Pacific  Rail- 
way, Chicago,  III.,  Chairman. 

Anthony  McGill,  Analyst,  Inland  Revenue,  Canadian  Government, 
Ottawa,   Canada,    Vice-Chairiiiaii. 

John  P.  Congdon,  Supervising  Engineer,  Oregon  Short  Line,  Poca- 
tello,   Idaho. 

J.  P.  Hallihan,  Assistant  to  President  and  Chief  Engineer,  Rio  Grande, 
Sierra   Madra  &  Pacific   Railway,   El   Paso,  Texas. 

E.  N.  Layfield,  Chief  Engineer,  Chicago  Terminal  Transfer  Railroad,' 
Chicago,    111. 

G.  C.  M'illett,  General  Superintendent.  Ohio  River  &  Columbus  Rail- 
way,   Ripley,    O. 

C.  A.  Morse,  Chief  Engineer,  Atchison,  Topeka  &  Santa  Fe  Railway, 
Topeka,    Kan. 

John  P.  Ramsey,  General  Manager,  Chicago,  Peoria  &  St.  Louis  Rail- 
way,  St.   Louis,   Mo. 
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G.  J.  Ray,  Division  Engineer,   Delaware,  Lackawanna  &   Western  Rail- 
way,  Scranton,    Pa. 

John   Ware,   with   Boston   Elevated  Railroad,   Cambridge,   Mass. 

M.   H.    WiCKHORST,    Engineer   of   Tests,    Chicago,    Burlington   &   Quincy 
Railway,    Aurora,    111. 

Committee. 

AMENDMENT. 

Amend  conclusion   No.  4  to  read : 

(4)  Where  the  lime  or  soda  ash  treatment  is  used,  the  volume 
of  space  for  reaction  and  precipitation  must  be  at  least  from  three  to 
four  times  the  hourly  capacity  of  softener,  depending  on  temperature 
and  analysis  of  the  water. 


DISCUSSION. 

Mr.  A.  K.  Shurtleff  (Chicago,  Rock  Island  &  Pacific)  :— Tlie  first 
point  covered  by  the  conclusions  is  the  efficiency  of  water  softeners,  given 
on  pages  45  and  46  of  Bulletin  No.  83.  I  want  to  saj',  in  regard  to  the 
fourth  conclusion,  that  it  should  be  modified  somewhat  to  read  "Where  the 
lime  or  soda  ash  treatment  is  used,  the  volume  of  space  for  reaction," 
etc.  The  conclusions  should  be  modified  to  cover  only  the  lime  and  soda  ash 
treatment,  because  there  has  been  no  really  practical  experience  with  the 
barium  hydrate  treatment,  and  in  laboratory  experiments  you  cannot  al- 
ways get  the  same  kind  of  results  that  you  obtain  in  actual  service,  and 
there  is  a  question,  in  connection  with  the  barium  hydrate  treatment;  that 
in  the  reactions  on  magnesium  and  calcium  sulphates,  the  barium  sulphate 
produced  will  be  in  such  finely-divided  particles  that  it  may  take  a  very 
long  time  to  settle.  However,  where  the  magnesium  and  calcium  carbon- 
ates exist  in  the  precipitation  of  the  magnesium  hydrate  and  the  calcium 
carbonate,  any  unprecipitated  matter  may  be  carried  down,  including  the 
finely-divided  particles,  but  it  is  best  to  modify  the  fourth  paragraph  of 
the  conclusions  so  as  to  limit  it  to  the  lime  and  soda  ash  treatment. 

The  proportions  for  a  continuous  softener  is  shown  on  page  34,  about 
the  middle  of  the  page,  and  reads:  "In  a  continuous  softener,  the  volume 
of  the  chambers  through  which  the  water  passes  between  the  top  of  the 
portion  reserved  for  sludge  and  the  outlet  through  which  the  water  finally 
flows  to  the  storage  tank,  should  be  at  least  three  times  the  hourly 
capacity  of  the  tank,  and  where  the  temperature  of  the  water  is  low  it 
should  be  four  times  the  hourly  capacity."  The  table  No.  i  is  given  on 
page  yj,  and  those  who  have  taken  the  trouble  to  go  through  the  body 
of  the  report  will  find  the  mathematical  equations  from  which  this 
table  was  made. 

The  second  conclusion  refers  to  the  "relative  economy  of  different 
types  of  softeners.  The  third  conclusion  refers  to  the  "Reagents."  The 
fourth  conclusion  refers  to  "Foaming  or  priming."  Of  course,  the  adop- 
tion of  any  of  these  conclusions  carries  with  it  the  publication  of  the 
equations  given. 

The  President : — Action  will  first  be  taken  upon  conclusion  No  i, 
"The  solutions  containing  the  reagent  must  be  properly  prepared." 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  :— I  suggest,  unless  the  chair- 
man of  the  Committee  expresses  a  preference  otherwise,  that  the  groups 
of  matter  under  each  caption  be  acted  on  together.  These  paragraphs  are 
correlated  and  refer  to  one  subject. 

The    President: — The   Committee    desires    that  paragraphs  i,  2,  3  and  4, 

6ia 
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relating  to  the  efficiency  of  water  softeners,  be  taken  up  and  acted  on  as 
a  whole. 

Mr.  A.  R.  Raymer  (Pittsburg  &  Lake  Erie)  : — This  report  is  very 
comprehensive  and  is  a  good  addition  to  the  information  we  have  on 
water  softeners.  Before  moving  the  adoption  of  these  conclusions,  I  would 
like  Mr.  Shurtleff  to  explain  a  little  in  detail  what  is  meant  hi  the  first 
conclusion. 

Mr.  Shurtleff: — Really,  I  think  the  conclusions  show  what  the  Com- 
mittee had  in  mind;  taking  it  in  detail,  it  is  obvious  that  solutions  con- 
taining the  reagent  must  be  properly  prepared,  that  is,  the  attendant  must 
follow  out  the  instructions  of  the  chemist,  or  engineer  of  tests,  or  whoever 
gives  instructions  in  regard  to  the  preparation  of  the  solutions.  He  must 
not  take  it  upon  himself  to  vary  in  the  least  from  these  instructions.  The 
reagent  should  be  as  nearly  chemically  pure  as  practicable.  Commercial 
soda  ash  is  not  chemically  pure,  but  as  a  matter  of  obtaining  good 
efficiency  you  want  to  get  as  near  to  chemically-pure  soda  ash  as  practic- 
able, and  in  regard  to  lime,  it  is  necessary  to  get  it  as  well  burnt  as 
possible  and  carrying  a  high  percentage  of  calcium  oxide  and  a  low  per- 
centage of  silica.  As  to  the  third  paragraph,  the  mechanical  device  for 
introducing  reagents  must  be  such  as  to  insure,  as  near  as  possible,  a 
quantity  of  reagent  in  direct  proportion  to  the  flow  of  the  untreated  water. 
That  question  cannot  be  discussed  without  touching  on  certain  typical 
devices.  To  get  the  greatest  efficiency  you  certainly  want  to  have  a 
mechanical  device  that  will  put  in  the  proper  quantity  of  reagent  for  the 
amount  of  incrusting  m.atter  the  water  is  carrying,  in  the  quantity  of 
water  that  is  being  introduced  into  the  softener,  so  as  to  have  neither  an 
excess  nor  deficiency  of  the  reagent.  As  to  the  fourth  paragraph,  I  think 
the  body  of  the  report  explains  that  matter  very  fully,  but  a  great  many 
of  our  roads  have  simply  gone  blindly,  to  a  certain  extent,  into  the  water 
softener  question,  and  have  purchased  softeners  which  have  been  rated 
with  a  capacity  of  15,000  gallons  an  hour  and  have  not  been  able  to  put 
through  more  than  5,000  gallons  an  hour ;  therefore,  it  is  an  extremely 
important  matter  when  you  are  going  into  this  water  softening  business 
that  you  have  your  plants  so  proportioned  as  to  give  you  ample  time  for 
reaction  and  precipitation.  The  other  part  of  that  paragraph  merely  refers 
to  the  equations  which  are  in  the  body  of  the  report  and  method  of  arriv- 
ing at  the  equations. 

Mr.  Raymer: — My  request  for  information  related  only  to  paragraph 
No.  I.  I  wish  to  know  whether  the  conclusion  refers  to  the  strength  of 
the  chemical  mixtures  to  be  used? 

Mr.  Shurtleflf: — That  is  it,  that  the  solution  be  prepared  strictly  as 
directed  by  the  man  who  thoroughly  understands  the  process — by  the 
person  who  is  in  charge  of  the  process. 

Mr.  Raymer : — We  have  had  some  experience  with  water  softeners. 
The  Pittsburg  &  Lake  Erie  Railroad  Company  has  water  softeners 
throughout  the  whole  length  of  its  line.     All  road  engines  use  soft  water 
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exclusively,  and  the  use  of  these  water  softeners  has  gone  beyond  the 
experimental  stage,  as  we  have  had  them  in  use  for  several  years.  It  is 
an  established  fact  that  the  softeners  are  filling  a  long-felt  want  satisfac- 
torily in  regions  where  the  water  is  bad.  These  conclusions,  paragraphs 
I  to  4,  are  good,  and  I  take  pleasure  in  moving  their  adoption. 

(The  motion  was  carried.) 

The  President : — The  next  conclusion  relates  to  the  "Relative  economy 
of  different  types  of  softeners,"  and  the  Committee  desires  to  have  it 
discussed  by  the  convention. 

Mr.  Berg: — I  move  that  the  matter  under  that  heading  be  adopted. 

(The  motion  was  carried.) 

Mr.  G.  H.  Bremner  (Chicago,  Burlington  &  Quincy)  : — One  item  of 
cost  in  the  operation  of  water  softeners  does  not  seem  to  appear  in  this 
discussion,  and  that  is  the  deterioration  of  the  water  plant  itself  by  the 
use  of  some  of  the  reagents.  We  find  in  the  use  of  soda  ash,  where  it 
has  been  used  to  any  extent,  at  least  in  some  of  the  waters  we  have,  that 
the  pipes  clog  up  very  rapidly  and  the  valves  are  injured  which  sometimes 
necessitates  rebuilding  or  enlarging  the  plant.  Has  anything  of  that 
nature  been  considered  by  the  Committee? 

Mr.  Shurtleff: — In  answer  to  Mr.  Bremner  I  would  say  that  judging 
from  my  own  personal  experience,  trouble  of  that  nature  is  due  to 
the  use  of  an  excess  of  soda  ash,  which  is  to  be  avoided. 

I  know  some  of  our  motive  power  officials  believe  that  they  cannot 
precipitate  their  magnesium  and  calcium  sulphates  without  an  excess  of 
soda  ash,  but  I  have  personally  been  familiar  with  a  large  number  of 
plants,  which  have  worked  to  the  best  advantage  where  only  the  proper 
amounts  of  the  soda  ash  were  used  and  where  the  treated  water  showed 
no  excess  of  soda  ash. 

Mr.  W.  B.  Storey,  Jr.  (Santa  Fe)  : — The  Santa  Fe  in  its  original  work 
with  water  softeners  found  certain  coatings  on  the  inside  of  the  pipe  that 
extended  from  the  water-treating  plant  to  the  point  of  delivery  to  the 
locomotive,  but  on  investigation  after  a  long  term  of  service  it  was  found 
that  the  proper  way  to  prevent  that  was  to  attend  to  the  proper  softening 
of  the  water,  as  stated  by  the  chairman.  We  have  a  large  number  of 
plants  in  service  and  the  deterioration  of  the  parts  of  the  water-service 
plants,  outside  of  the  water-treating  part,  amounts  to  very  little. 

Mr.  O.  E.  Selby  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — I 
wish  to  refer  to  a  point  in  connection  with  the  use  of  softened  water  that 
has  come  to  my  attention  within  the  last  few  days.  The  motive  power 
department  complained  that  the  use  of  softened  water  for  washing  pas- 
senger coaches  has  injured  the  varnish  and  leaves  a  grayish  deposit  on 
the  window  glass.  It  would  be  interesting  to  learn  what  is  the  cause  of 
that,  whether  it  comes  from  improper  softening,  or  whether  it  is  some- 
thing necessarily  connected  with  the  softened  water. 

Mr.  A.  W.  Johnston  (New  York,  Chicago  &  St.  Louis)  : — I  suggest 
that  the  motive-power  department  have  that  water  analyzed  to  determine 
what  is  left  in  the  softened  water. 
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Mr.  Storey : — In  water  softening  it  is  softened  for  use  of  boilers  only, 
and  the  process  does  not  take  out  a  large  amount  of  material  in  the 
water  in  the  shape  of  non-incrustants.  That  remains  in  the  water  and 
would  appear  on  the  coaches  and  render  so-called  softened  water  unfit  for 
that  purpose. 

Mr.  Shurtlefif: — As  to  the  next  heading,  "Reagents,"  the  Board  of 
Direction  did  not  instruct  the  Committee  to  make  any  comment  in  regard 
to  reagents.  The  Committee  thought  that  for  the  benefit  of  those  not 
familiar  with  the  technical  side  of  water  softening  it  would  be  a  good 
thing  to  have  embodied  in  our  Manual  of  Practice  a  table  giving  the  vari- 
ous kinds  of  reagents  required  per  unit  of  incrusting  or  corroding  matter 
in  the  water,  and  also  have  that  table  show  what  would  be  left  in  the 
water  in  the  line  of  foaming  solids  with  the  use  of  such  agents.  There- 
fore, table  No  2  gives  the  quantity  of  reagents  required. 

Mr.  Raymer : — I  move  the  adoption  of  the  two  paragraphs  under  the 
title  '"Reagents." 

(The  motion  was  carried.) 

Mr.  Shurtlefif: — The  next  point  the  Board  of  Direction  instructed 
the  Committee  to  consider  was  the  question  of  "Foaming  or  Priming."  It 
seems  to  be  the  general  opinion  on  the  part  of  motive  power  oflScials  and 
engineers  of  tests  that  in  the  lecomotive  boilers  where  there  is  more  or  less 
mud  formed,  or  matter  held  in  suspension  in  the  boilers  after  being  in 
use  some  time  and  with  the  agitation  of  the  water  due  to  the  running 
of  the  locomotives,  the  critical  point,  the  foaming  point,  occurs  at  about 
100  grains;  and  if  the  members  have  been  through  the  body  of  the  report 
they  can  see  how  the  conclusions  were  produced  under  this  heading 
"Foaming  or  Priming." 

Mr.  Raymer : — We  have  had  considerable  experience  with  foaming 
and  priming.  I  consider  lOO  grains  per  gallon  the  minimum  limit.  We 
have  operated  our  locomotives  with  good  results  having  200  grains,  and 
have  operated  stationary  boilers  with  500  or  600  grains  without  any 
trouble.  The  tendency  to  foam  is  increased  by  irregular  use  of  the  boiler. 
The  locomotive  m.ay  stand  at  rest,  and  then  immediately  take  up  heavy 
sen-ice  and  foaming  would  be  induced.  One  hundred  grains  is  a  con- 
servative limit.  I,  therefore,  move  the  adoption  of  the  paragraphs  under 
the  head  of  "Foaming  or  Priming." 

(The  motion  was  carried.) 

Mr.  Shurtlefif: — Another  subject  given  to  the  Committee  was  the 
"Minimum  quantity  of  solids  in  solution  to  justify  treatment."  That 
placed  the  Committee  up  against  a  hard  proposition.  We  find  it  utterly 
impossible  to  get  the  railroads  to  furnish  us  information,  or  give  us 
statistics  that  can  be  analyzed,  so  that  we  can  deduce  the  information  that 
is  needed  and  figure  the  true  economies  they  have  obtained.  The  rail- 
roads are  not  giving  out  these  statistics  and  so  the  Comm.ittee  has  placed 
this  matter  in  the  form  of  an  equation.  The  equation  is  shown  in  the 
body  of  the  report,  and  the  chairman  believes  it  is  deduced  logically  and 
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each  motive-power  department  shov.ld  be  able  to  give  approxima4:e  values 
for  the  members  of  the  equation  that  are  lacking. 

Prof.  S.  N.  Williams  (Cornell  College)  : — I  move  the  adoption  of  the 
paragraph. 

(The  motion  was  carried.) 

Mr.  Shurtleff: — At  the  last  meeting  of  the  Association  the  question 
of  the  use  of  barium  hydrate  as  a  reagent  was  brought  up,  and  the 
Board  of  Direction  requested  the  Comimittee  to  investigate  the  barium 
hydrate  question  and  also  to  report  on  the  point  as  to  whether  barium 
hydrate  would  become  economical  as  a  reagent  in  the  place  of  soda  ash 
treatment.  The  Committee  has  deduced  an  equation  which  will  show 
at  what  price  the  barium  hydrate  would  be  equivalent  to  soda  ash,  and  the 
adoption  of  this  conclusion  would  carry  with  it  that  equation.  The 
chairman  of  the  Committee  would  like  to  say,  however,  that  he  has 
received  some  correspondence  from  members  of  the  Association  in  regard 
to  the  barium  hydrate  treatment,  one  from  Mr.  Churchill,  of  the  Norfolk 
&  Western,  and  he  brings  up  the  poison  feature  of  barium  hydrate.  Per- 
sonally, I  would  hesitate  a  long  time  before  I  would  use  barium  hydrate 
as  a  reagent.  It  is  a  poisonous  substance.  With  almost  constant  watch- 
ing occasionally  we  get  an  excess  of  reagent  in  treating  our  waters.  Our 
trainmen  will  use  tank  water  for  drinking  purposes  on  some  of  our 
Western  lines.  They  have  got  to  drink  something,  and  they  will  use  the 
tank  water.  Even  though  they  might  not  get  enough  to  make  it  deadly 
poisonous,  I  do  not  believe  in  the  idea  of  introducing  slow  poisons  into 
the  system  of  our  trainmen.  The  operating  officials  have  enough  trouble 
with  the  trainmen  as  it  is,  without  introducing  new  features.  The  other 
point  raised  is  the  fact  that  it  has  not  been  used  in  practice  as  yet,  and 
in  acting  on  the  sulphates  of  lime  and  magnesia  alone,  the  barium  sulphate 
is  so  finely  divided  that  it  will  take  hours  to  precipitate  it,  except  in  those 
cases  where  we  have  the  carbonates  in  the  water,  the  heavy  flakes  of 
carbonates,  especially  magnesium  hydrate,  which  is  mucilagious,  will 
assist  to  carry  it  down,  still  there  may  be  some  of  the  fine  stuff  left  and 
that  is  poisonous.     I  am  rather  opposed  to  the  barium  hydrate  treatment. 

Mr.  Berg: — I  think  possibly  we  had  better  receive  this  conclusion 
under  barium  hydrate  treatment  as  information. 

Mr.  Shurtleff: — About  all  this  carries  with  it,  I  will  inform  Mr.  Berg, 
is  the  equation  showing  at  what  price  barium  hydrate  would  have  to  be 
produced  in  order  to  be  the  equivalent  of  soda  ash  in  treating  the  water. 
It  is  merely  information,  and  it  really  cannot  carry  a  recommendation  for 
its  use. 

Mr.  Berg: — I  do  not  think  we  want  to  fill  up  our  Manual  with 
collateral  matter.  I,  therefore,  move  that  the  paragraph  be  receivd  as 
information. 

(The  motion  was  carried.) 

The  President: — There  being  no  further  discussion,  the  Committee 
will  be  excused  with  the  thanks  of  the  Association. 
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Mr.  J.  L.  Campbell  (El  Paso  &  Southwestern— by  letter)  :— Re- 
ferring to  the  report  of  the  Committee  on  Water  Service,  on  the  Eastern 
division  of  the  El  Paso  &  Southwestern,  the  water  supply  is,  with  two 
or  three  exceptions,  from  deep  wells,  and  the  quality  exceedingly  bad, 
the  hardness  running  from  40  to  180  grains  per  United  States  gallon, 
with  the  exception  of  that  at  only  two  or  three  points,  at  which  the 
quality  is  very  good. 

Much  of  the  water  is  also  heavily  impregnated  with  sodium  salts. 
The  Kennicott  system  of  water  softening  is  in  use,  but  on  account  of 
the  large  amount  of  lime  and  soda  ash  necessary  to  break  down  the 
incrusting  solids,  and  the  presence  of  the  sodium  salts  already  in  the 
water,  it  is  not  practicable  to  get  the  hardness  below  about  20  grains 
per  gallon,  on  account  of  the  foaming  of  the  water  due  to  the  salts 
originally  therein,  and  the  addition  of  the  soda  ash  in  the  treatment. 

During  the  past  few  months,  experiments  in  electrical  treatment  of 
the  water  have  been  under  way.  This  treatment  consists  in  submerging 
aluminum  or  iron  plates  in  the  water  to  be  treated,  and  passing  elec- 
trical currents  through  the  same.  It  has  been  demonstrated  that  with 
clean  plates,  satisfactory  results  are  secured,  except  in  the  matter  of 
cost,  which  is  very  high.  The  experiments  have  not  extended  far  enough 
to  be  able  to  submit  definite  figures  of  cost.  It  appears  that,  on  account 
of  the  quality  of  the  water,  the  cost  of  the  electrical  treatment  would 
be  justified,  provided  the  efficiency  of  the  treatment  could  be  maintained. 
It  is  found,  however,  that  the  plates  incrust  quite  rapidly,  and  the  effi- 
ciency of  the  treatment  quickly  falls  off  after  the  plant  has  been  in 
operation  for  a  few  days,  beginning  with  clean  plates. 

As  an  index  of  the  results  obtained  so  far,  the  hardness  of  the 
water  at  Alamogordo  is  40  grains  per  gallon.  During  the  first  three 
or  four  days  of  the  treatment,  this  hardness  was  reduced  to  seven  grains 
per  gallon.  As  the  operation  was  continued,  and  the  plates  incrusted, 
the  efficiency  fell  off,  until  at  the  end  of  a  week  or  ten  days  the  hard- 
ness of  the  water  had  risen  to  20  grains  per  gallon,  at  the  end  of  the 
same  periods  of  treatment  which,  in  the  beginning,  reduced  the  hardness 
to  seven  grains.     Iron  plates  give  practically  the  same  results. 

At  Pastura  the  water  has  a  hardness  of  180  grains  per  gallon,  and 
at  the  present  writing  this  has  been  readily  reduced  by  iron  plates  to 
a  hardness  of  90,  at  which  point  the  reduction  has  stopped.  It  appears, 
however,  that^^by  inci'easing  the  time  and  intensity  of  the  treatment,  it 
will  be  possible  to  still  further  reduce  this,  but  these  experiments  are 
not  yet  completed. 

Outside  the  question  of  cost,  the  problem  appears  to  be  one  of 
cleaning  the  incrustation  from  the  plates  at  frequent  intervals  after  a 
given  plant  has  been  placed  in  operation.  In  an  experimental  plant 
having  a  capacity  of  125,000  gallons  of  water  treated  in  24  hours,  being 
erected  at  Alamogordo,  there  will  be  27,000  square  feet  of  plate,  or 
54,000  square  feet  of  plate  surface.     These  plates  are  three   feet   square, 
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and  the  experiments  to  date  indicate  that  they  will  have  to  be  cleaned 
at  the  rate  of  one  plate  per  minute  during  the  operation  of  the  plant  in 
order  to  keep  the  latter  up  to  its  full  efficiency.  Evidently  this  would 
have  to  be  done  by  machinery,  and  apparently  this  is  a  point  that  may 
render  the  process   impracticable. 

It  has  been  demonstrated  that,  with  clean  plates,  the  hardness  of 
the  water  can  be  reduced  very  much  below  that  possible  by  the 
vise  of  lime  and  soda  ash,  on  account  of  the  trouble  of  foaming  when 
the  latter  treatment  is  carried  to  the  excess  required  for  these  very 
bad  waters.  The  electrical  treatment  does  not  increase  the  priming 
tendency  of  the  water;  in  fact,  it  has  a  slightly  beneficial  effect. 

In  the  reduction  of  the  water  at  Alamogordo,  from  40  grains  to 
seven  grains  per  gallon  of  incrusting  solids,  the  power  required  was 
seven  electric  horsepower-hours  per  1,000  gallons  of  water  treated,  the 
potential  of  the   electric   current   being   from    100  to    125   volts. 

In  the  experiment  at  Pastura,  the  power  required  was  just  double 
the  above. 

The  experimental  plant  at  Alamogordo  consists  of  three  vats  or 
tanks,  3  feet  deep,  5  feet  wide,  and  80  feet  long,  each  divided  into 
25  compartments,  in  which  the  3  by  3  foot  plates  were  set  on  edge, 
and  spaced  one  inch  center  to  center,  all  the  sections  in  each  vat  and 
the  several  vats  being  connected  by  proper  electrical  wiring.  The  vats 
are  then  filled  with  water  and  the  electrical  current  turned  on. 

At  one  end  of  the  vats  there  is  a  storage  or  supply  tank,  and  at 
the  other  a  precipitating  tank  from  which  the  water  is  pumped  through 
a  filter  to  the  railroad  service  tank.  The  perfectly  treated  water  is  a 
clear,   limpid   and   very    pleasant    drinking    water. 

Apart  from  the  apparent  physical  impracticability  of  the  constant 
removal,  cleaning  and  replacement  of  the  iron  or  aluminum  plates 
necessitated  by  the  requirements  of  constant  cleaning,  this  process  would 
appear  to  be  the  most  efficient  of  any  system  of  treatment  under  the 
exceptional  conditions  obtaining  on  the  Eastern  division  of  the  South- 
western. 

For  the  treatment  of  the  water  at  Alamogordo  above  specified,  it 
appears  that  the  loss  of  weight  of  the  aluminum  plates  is  at  the  rate 
of  about  ^  pound  to  1,000  gallons  of  water  treated.  The  experiments 
with  the  iron  plates  have  not  proceeded  far  enough  to  determine  the 
loss  from  them.  .The  incrustation  of  the  plates  ij  similar,  in  a  general 
way,  to  the  incrusting  of  locomotive  boiler  tubes,  except  that  the  scale 
is  not  nearly  so  hard,  but  still  requires  the  application  of  a  scraper 
to  remove  it. 

The  sludge  precipitated  from  the  treatment  is  of  very  fine,  flocculent 
matter  of  milky  color. 


REPORT  OF  COMMITTEE  NO.  VIII— ON  MASONRY. 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

Your  Committee  on  Masonry  begs  to  submit  herewith  its  eighth  an- 
nual  report. 

The  instructions  given  your  Committee  by  the  Board  of  Direction 
were  as  follows : 

(i)  Appoint  a  sub-committee  to  co-operate  with  the  Joint  Commit- 
tee on  Concrete  and  Reinforced  Concrete.  The  following  members  have 
been  appointed,  to  comply  with  this  instruction :  A.  O.  Cunningham, 
C.  W.  Boynton,  G.  F.  Swain,  C.  H.  Moore  and  G.  H.  Scribner,  Jr.,  the 
first  three  being  voting  members  and  the  two  last-named  alternates. 

(2)  Revieiij  and  edit  the  specifications  for  stone  masonry  presented 
in  Bulletin  No.  y2,  bearing  in  mind  the  suggestions  offered  at  the  annual 
convention  in  March. 

The  Stone  Masonry  specifications  presented  at  the  last  annual  con- 
vention have  been  revised  in  accordance  with  the  discussion,  and  they 
are  submitted  herewith  for  the  information  of  the  members  of  the  Asso- 
ciation. 

(3)  Investigate  and  report  npon  t!ie  most  economical  size  or  com- 
bination of  sizes  for  stone  to  be  used  in  stone  concrete  as  applied  to 
the  different  classes  of  work.  This  may  be  a  portion  of  the  zvork  of 
ihe  sub-committee. 

(4)  Collect  data  upon  the  reported  failures  of  concrete  structures 
and  the  probable  causes  of  same.  This  may  be  assigned  to  the  sub- 
committee, if  thought  desirable. 

(5)  Investigate  and  report  upon  the  zvater proofing  of  masonry — 
methods,   results,   cost  and  recommended   practice. 

Your  Committee  reports  progress  on  the  above  three  subjects.  These 
three  subdivisions  are  under  investigation  by  the  Joint  Committee  on 
Concrete  and  Reinforced  Concrete,  with  which  committee  we  are  co- 
operating. We  suggest  that  the  subject  be  reassigned  for  the  coming 
year,  and  it  is  believed  that  a  report  can  be  made  at  the  next  annual 
convention. 
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(6)  Present  typical  standard  designs  now  in  use  of  masonry  culverts, 
both  stone  and  concrete.  Your  Committee  has  received  a  large  number  of 
plans  of  masonry  culverts  in  use  by  various  railroads,  and  contemplates 
publishing  a  series  of  typical  plans,  showing  the  practice  in  different  sec- 
tions of  the  countr\^  It  is  intended  to  issue  this  data  in  a  Bulletin  after 
the  convention,  and  it  is  thought  that  the  information  will  be  of  value 
to  the  members  of  the  Association. 

Respectfully  submitted, 

A.  O.  Cunningham,  Chief  Engineer,  Wabash  Railroad,  St.  Louis,   Mo., 

Chairman. 
C.   W.  BoYNTON,  Chief  Inspector,  Universal   Portland   Cement   Company, 

Chicago,   111.,   Vice-Chairman. 
W.   B.  Hanlon,   Civil  and  Mining  Engineer,  Cleveland,  O. 
W.  K.  Hatt,  Professor  Civil  Engineering,  Purdue  University,  Lafayette, 

Ind. 
Richard  L.  Humphrey,  Consulting  Engineer  and  Chemist,  Philadelphia, 

Pa. 
H.   H.    Knowlton,   Division   Engineer,   Cleveland,   Cincinnati,    Chicago   & 

St.    Louis  Railway,   Shelbyville,    Ind. 
C.  H.  Moore,  Engineer  Grade  Crossings,  Erie  Railroad,  New  York,  N.  Y. 
J.   W.    ScHAUB,   Consulting  Engineer,   Chicago   111. 
G.  H.   ScRiBNER,  Jr.,  Contracting  Engineer,  Chicago,  111. 
G.    F.    Swain,    Professor    of    Civil    Engineering,    Massachusetts    Institute 

of  Technology,    Boston,    Mass. 
Job  Tuthill,  Engineer  Bridges  and  Buildings,  Pere  Marquette  Railroad, 

Detroit,   Mich. 

Committee. 


♦SPECIFICATIONS  FOR  STONE  MASONRY. 

RECOMMENDED    STANDARD    SPECIFICATIONS. 

SPECIFICATIONS    FOR    STONE    MASONRY. 

GENERAL. 

1.  Where   cement  and   concrete  are   referred   to   in   these   specifica-      Standard 

Specirtca 
tions,    the    American    Railway    Engineering    and    Maintenance    of    Way      tions. 

Association's  standard  specifications  for  cement  and  concrete  shall  apply. 

2.  Where   the   term   "Engineer"   is    used   in   these    specifications,    it       Englneei 

Defined, 
refers  to  the  Engineer  actually  in  charge  of  the  work. 

3.  Optional  clauses  in  these  specifications  are  printed  in  italics.  cfaises^ 

GENERAL    REQUIREMENTS. 

4.  Stone  masonry  shall  be  built  of  the  kinds  specially   designated,      Stone. 
with  such  arrangement  of  courses  and  bond  as  indicated  on  the  draw- 
ings or  as  directed  by  the  Engineer.     Stone  shall  be  hard  and  durable, 

free  from  seams  or  other  imperfections,  of  approved  quality  and  shape, 
and  in  no  case  have  less  bed  than  rise;  it  shall  be  laid  on  its  natural 
bed,  well  bonded  and  solidly  bedded.  When  liable  to  be  affected  by 
freezing,  no  unseasoned  stone  shall  be  laid. 

5.  Dressing  shall  be  the  best  of  the  kind  specified.  Dressing 

6.  Beds  and  joints  or  builds  shall  be  square  with  each  other,  and 
dressed  true  and  out  of  wind.     Hollow  beds  shall  not  be  allowed. 

7.  Stone  shall  be   dressed   for   laying  on   natural  beds. 

8.  Marginal  drafts  shall  be  neat  and  accurate. 

9.  Pitching  shall  be  done  to  true  lines  and  exact  batter. 

10.  Mortar  shall  be  mixed  in  a  suitable  box,  and  kept   clean   and      Mortar. 
free   from  foreign  matter.     Sand  and   cement  shall  be   mixed   dry   and 

in  small  batches  in  proportions  as  directed  by  the  Engineer,  water 
then  to  be  added  and  the  whole  mixed  until  the  mass  of  mortar  is 
thoroughly  homogeneous  and  leaves  the  hoe  clean  when  drawn  from  it. 
Mortar  shall  not  be  retempered  after  it  has  begun  to  set.  Mechanical 
mixing,   to    produce   the   same   results,    may   be   permitted. 

11.  Stone  shall  be  cleansed  and  dampened  before  laying. 

12.  Stone   shall  be   laid    on   its   natural   bed.      Each    stone    shall    be       Laying, 
settled  into  place  in  full  bed  of  mortar. 


•Adopted.  Vol.  7,  1906,  pp.  581-587,  602-604,  606-622. 
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13.  Stone  shall  be  laid  to  exact  lines  and  levels  to  give  the 
required  bond  and  thickness  of  mortar  in  beds  and  joints. 

14.  Stone  shall  not  be  dropped  or  slid  over  the  wall,  but  shall  be 
placed  without  jarring  stone  already  laid. 

15.  Heavy  hammering  shall  not  be  allowed  on  the  wall  after  a 
course  is  laid. 

16.  Stone  becoming  loose  after  the  mortar  is  set  shall  be  relaid 
with  fresh  mortar. 

17.  Stone  shall  not  be  laid  in  freezing  weather,  unless  directed 
by  the  Engineer.  If  laid,  it  shall  be  freed  from  ice,  snow  or  frost  by 
warming;   the  sand  and   water  used  in  the  mortar  shall  be  heated. 

18.  With  precaution,  a  brine  may  be  substituted  for  the  heating 
of  the  mortar.  The  brine  shall  consist  of  one  pound  of  salt  to  eighteen 
gallons  of  water,  when  the  temperature  is  32  degrees  Fahrenheit;  for 
every  degree  of  temperature  below  32  degrees  Fahrenheit,  one  ounce  of 
salt   shall   be   added. 

19.  Before  the  mortar  has  set  in  beds  and  joints,  it  shall  be  re- 
moved to  a  depth  of  not  less  than  one  (i)  in.  Pointing  shall  not  be 
done  until  the  wall  is  complete  and  mortar  set,  or  when  frost  is  in  the 
stone. 

20.  Mortar  for  pointing  shall  consist  of  equal  parts  of  sand  and 
Portland  cement.  In  pointing,  the  joints  shall  be  wet  and  filled  with 
mortar,  pounded  in  with  a  "set-in"  or  calking  tool  and  finished  with 
a  beading  tool  the  width  of  joint,  used  with  a  straight-edge. 

CLASSIFICATION. 

21.  Stone  masonry  shall  be  classified  under  the  following  heads: 
Bridge  and  Retaining  Wall  Masonry,  Arch  Masonry,  Culvert  Masonry, 
and  Dry  Masonry. 

BRIDGE    AND    RETAINING     WALL     MASONRY. 

22.  Bridge  and  Retaining  Wall  Masonry  shall  consist  of  two 
classes:  Class  A  (Ashlar  stone,  either  coursed  or  broken  coursed; 
Class  B   (Rubble  stone). 


BRIDGE   AND   RETAINING    WALL    MASONRY,   CLASS    A. 

23.     In   Bridge    and   Retaining   Wall    Masonry,    Class    A,    the    stone 
shall  be  large  and  well-proportioned. 
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24.  Courses  shall  not  be  less  than  fourteen  (14)  in.  or  more 
than  thirty  (30)  in.  thick,  thickness  of  courses  to  diminish  regularly 
from  bottom   to  top. 

25.  Beds  and  joints  or  builds  of  face  stone  shall  be  fine-pointed, 
so  that  the  mortar  layer  shall  not  be  more  than  one-half  (1/2)  in.  thick 
when   the   stone   is   laid. 

26.  Joints  in  face  stone  shall  be  full  to  the  square  for  a  depth 
equal  to  at  least  one-half  the  height  of  the  course,  but  in  no  case  less 
than  twelve    (12)    in. 

27.  Exposed  surfaces  of  the  face  stone  shall  be  rock-faced,  and 
edges  pitched  to  true  lines  and  exact  batter;  the  face  shall  not  project 
more  than  three   (3)    in.  beyond  the  pitch  line. 

28.  Chisel  drafts  one  and  one-half  (i5^)  in.  wide  shall  be  cut  at 
exterior   corners. 

29.  Holes  for  stone  hooks  shall  not  be  permitted  to  show  in 
exposed  surfaces.  Stone  shall  be  handled  with  clamps,  keys,  lewis  or 
dowels. 

30.  Stretchers  shall  not  be  less  than  four  (4)  ft.  long  and  have 
at  least  one  and  a  quarter  times  as  much  bed  as  thickness  of  course. 

31.  Headers  shall  not  be  less  than  four  (4)  ft.  long,  shall  occupy 
one-fifth  of  face  of  wall,  shall  not  be  less  than  eighteen  (18)  in.  wide 
in  face,  and  where  the  course  is  more  than  eighteen  (18)  in.  high, 
width  of  face  shall  not  be  less  than  height  of  course. 

32.  Headers  shall  hold  in  heart  of  wall  the  same  size  shown 
in  face,  so  arranged  that  a  header  in  a  superior  course  shall  not  be 
laid  over  a  joint,  and  a  joint  shall  not  occur  over  a  header;  the  same 
disposition  shall  occur  in  back  of  wall. 

33.  Headers  in  face  and  back  of  wall  shall  interlock  when  thick- 
ness of  wall  will  admit. 

34.  Where  the  wall  is  three  (3)  ft.  thick  or  less,  the  face  stone 
shall  pass  entirely  through.     Backing  shall  not  be  allowed. 

*3S-a.  Backing  shall  be  large,  well-shaped  stone,  roughly  bedded 
and  jointed;  bed  joints  shall  not  exceed  one  (i)  in.  At  least  one- 
half    of    the    backing    stone    shall    be    of    same    size    and    character    as 


Face  or 
Surface. 


Headers. 


Backing. 
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the   face   stone  and   with   parallel   ends.     The   vertical  joints   in   back   of 
wall  shall  not  exceed  two   (2)    in.     The  interior  vertical  joints  shall  not 

concrete. 
exceed  six    (6)    in.     Voids   shall  be  thoroughly   filled   with 

spalls,   fully 
bedded  in   cement  mortar. 

concrete. 
*35-b.     Backing  shall  be  of 

headers  and  stretchers,  as  specified  in 

parag}-aphs  30  and  31,  and  heart  of  wall  filled  with  concrete. 

34.  Where  the  wall  will  not  admit  of  such  arrangement,  stone  not 
less  than  four  (4)  ft.  long  shall  be  placed  transversely  in  heart  of  wall 
to  bond  the  opposite  sides. 

35.  Where  stone  is  backed  with  two  courses,  neither  course  shall 
be  less  than  eight   (8)    in.  thick. 

38.  Bond  of  stone  in  face,  back  and  heart  of  wall  shall  not  be 
less  than  twelve  (12)  in.  Backing  shall  be  laid  to  break  joints  with 
the  face  stone  and  with  one  another. 

39.  Coping  shall  be  dimension  stone,  holding  full  size  throughout, 
proportioned  for  its  loading,  as  indicated  on  the  drawings. 

40.  Beds,  joints  and  top  shall  be  fine-pointed. 

41.  Location  of  joints  shall  be  determined  by  the  position  of  the 
bed  plates,  and  be  indicated  on  the  drawings. 

42.  Where  required,  coping  stone,  stone  in  the  wings  of  abut- 
ments, and  stone  on  piers  shall  be  secured  together  with  iron  cramps 
or  dowels,  their  position  being  indicated  on  the  drawings. 


BRIDGE    AND    RETAINING    WALL    MASONRY,    CLASS    B. 

43.  In  Bridge  and  Retaining  Wall  Masonry,  Class  B,  the  stone 
shall  be  roughly  squared,  and  laid  in  irregular  courses. 

44.  Beds  shall  be  parallel,  roughly  dressed,  and  the  .stone  laid  hori- 
zontal in  the  wall.  Face  joints  shall  not  be  more  than  one  (i)  in.  thick. 
Bottom  stone  shall  be  large,  selected  flat  stone. 


•Paragraphs  35-a  and  35-b  are  so  arranged  that  either  may  be  elimi- 
nated according  to  requirements.  Each  of  these  paragraphs  also  contains 
optional  clauses. 
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45.    The  wall  shall  be  compactly  laid,  having  at  least  one-fifth  the 

surface     of    back    and     face     headers     arranged     to     interlock,     having 

concrete. 
all  voids  in  the  heart  of  the  wall  thoroughly  filled   with 


and  spalls,  fully  bedded  in  cement  mortar. 


suitable  stones 


ARCH     MASONRY. 


46.    Arch   Masonry  shall   consist  of  two  classes :    Class  A    (Ashlar      Arch 

Masonry. 
Stone,  either  coursed  or  broken  coursed)  ;   Class   B    (Rubble  stone). 


ARCH     MASONRY^     CLASS     A. 

47.  In  Arch  Masonry,  Class  A,  voussoirs  shall  be  full  size  through- 
out and  dressed  true  to  templet,  and  shall  have  bond  not  less  than  thick- 
ness of  stone. 

48.  Joints  of  voussoirs   and  intrados  shall  be  fine-pointed.     Mortar 

joints  shall  not  exceed  three-eighths   (^)    in. 

smooth. 

49.  Exposed   surfaces  of  the   ring  stone  shall  be 

rock-faced,  with 
a  marginal  draft. 

50.  Number  of  courses  and  depth  of  voussoirs  shall  be  indicated 
on   the   drawings. 

51.  Voussoirs  shall  be  placed  in  the  order  indicated  on  the  drawings. 

concrete. 

52.  Backing  shall   consist   of 

large    stone,    shaped    to    fit    the    arch 

bonded  to  the  spandrel  and  laid  in  full  bed  of  mortar. 

53.  Where  waterproofing  is  required,  a  thin  coat  of  mortar  or 
grout  shall  be  applied  evenly  for  a  finishing  coat,  upon  which  shall  be 
placed  a  covering  of  approved  waterproofing  material. 

54.  Centers  shall  not  be  struck  until  directed  by  the  Engineer. 

55.  Bench  walls,  piers,  spandrels,  parapets,  wing  walls  and  copings 
shall  be  built  under  the  specifications  for  Bridge  and  Retaining  Wall 
Masonry,  Class  A. 

ARCH     MASONRY,     CLASS     B. 

56.  In  Arch  Masonry,  Class  B,  voussoirs  shall  be  full  size  through- 
out, and  shall  have  bond  not  less  than  thickness  of  voussoirs. 


Arch 
Masonry, 
Class  A. 


Dressing. 


Face  or 
Surface. 


Backlner. 


Arch 
Masonry, 
Class  B. 
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Dressing. 

Face  or 
Surface. 


Sacking. 


Bench  Walls, 
Piers, 
Spandrels, 
etc. 


(Culvert 
Masonry. 


Side  Walls. 


Cover 
Stones. 


End  Walls, 
Coping. 


Dry 
Masonry. 


57.  Beds  shall  be   roughly  dressed  to  bring  them  to  radial  planes. 

58.  Mortar  joints  shall  not  exceed  one  (i)  in. 

59.  Exposed  surfaces  of  the  ring  stone  shall  be  rock-faced,  and 
edges  pitched  to  true  lines. 

60.  Voussoirs  shall  be  placed  in  the  order  indicated  on  the  drawings. 

•    concrete. 

61.  Backing   shall   consist   of 

large    stone,   shaped    to    fit    the    arch, 

bonded  to  the  spandrel,  and  laid  in  full  bed  of  mortar. 

62.  Where  waterproofing  is  required,  a  thin  coat  of  mortar  or 
grout  shall  be  applied  evenly  for  a  finishing  coat,  upon  which  shall  be 
placed  a  covering  of  approved  waterproofing  material. 

63.  Centers  shall  not  be  struck  until  directed  by  the   Engineer. 

64.  Bench  walls,  piers,  spandrels,  parapets,  wing  walls  and  copings 
shall  be  built  under  the  specifications  for  Bridge  and  Retaining  Wall 
Masonry,  Class  B. 

CULVERT     MASONRY. 

65.  Culvert  Masonry  shall  be  laid  in  cement  mortar.  Character 
of  stone  and  quality  of  work  shall  be  the  same  as  specified  for  Bridge 
and  Retaining  Wall  Masonry,  Class  B. 

66.  One-half  the  top  stone  of  the  side  walls  shall  extend  entirely 
across  the  wall. 

67.  Covering  stone  shall  be  sound  and  strong,  at  least  twelve  (12) 
in.  thick,  or  as  indicated  on  the  drawings.  They  shall  be  roughly 
dressed  to  make  close  joints  with  each  other,  and  lap  their  entire  width 
at  least  twelve  (12)  in.  over  the  side  walls.  They  shall  be  doubled 
under  high   embankments,  as   indicated   on   the   drawings. 

68.  End  walls  shall  be  covered  with  suitable  coping,  as  indicated 
on  the  drawings. 

DRY    MASONRY. 

69.  Dry  Masonry  shall  include  dry  retaining  walls  and  slope  walls. 


RETAINING    WALLS. 


Retaining 
Walls. 


70.  Retaining  Walls  of  Dry  Masonry  shall  include  all  walls  in  j 
which  rubble  stone  laid  without  tnortar  is  used  for  retaining  embank-  ' 
ments  or  for  similar  purposes. 


MASONRY. 
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71.  Flat  stone  at  least  twice  as  wide  ast  thick  shall  be  used.  Beds 
and  joints  shall  be  roughly  dressed  square  to  each  other  and  to  face  of 
stone. 

72.  Joints  shall  not  exceed  three-quarters  (54)   in. 

T^.  Stone  of  different  sizes  shall  be  evenly  distributed  over  entire 
face  of  wall,  generally  keeping  the  largest  stone  in  lower  part  of  wall. 

74.  The  work  shall  be  well  bonded  and  present  a  reasonably  true 
and  smooth  surface,   free  from  holes  or  projections. 


Dressing. 


Dispositk 
of  Stone. 


SLOPE    WALLS. 

75.  Slope  walls  shall  be  built  of  such  thickness  and  slope  as 
directed  by  the  Engineer.  Stone  shall  not  be  used  in  this  construction 
which  does  not  reach  entirely  through  the  wall.  Stone  shall  be  placed 
at  right  angles  to  the  slopes.  The  wall  shall  be  built  simultaneously 
with  the  embankment   which  it  is   to  protect. 


Slope  "Wf 


DISCUSSION. 

Mr.  A.  O.  Cunningham  (Wabash)  : — Since  the  report  was  printed, 
your  Committee  has  carefully  considered  the  specifications  for  stone 
rr  :sonry,  and  concluded  to  recommend  certain  revisions  to  make  the 
specifications  more  concise  but  not  to  change  their  intent.  That  is 
a  matter  we  cannot  bring  up  before  this  body  unless  someone  will 
make  a  motion  to  give  us  permission  to  do  so. 

The  President : — The  Association  reconsidered  its  previous  action  on 
these  specifications,  insofar  as  it  pertained  to  the  suggested  revision  by 
the  Committee  on  Masonry.  To  take  these  specifications  up  item  by  item 
would  occupy  more  time  than  the  Association  has  at  its  disposal  today. 
The  Committee  states,  however,  that  it  is  merely  a  revision  of  verbiage  or 
condensation,  without  change  of  meaning  or  intent  of  the  specifications  as 
they  have  been  printed  in  the  Bulletin.  Unfortunately  we  have  not  time 
to  go  over  them  all  in  detail.  If  they  are  carried  ever  now,  they  will  be 
taken  up  next  3'ear. 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — I  am  somewhat  conversant 
with  the  situation,  and  I  make  the  motion  that  the  matter  be  reconsidered 
to  this  extent,  that  the  Association  adopts  the  revised  version  as  submitted 
by  the  Masonry  Committee,  with  the  understanding  that  the  revised 
version  is  prepared  under  the  limits  mentioned  in  the  statement  just  made, 
and  that  this  revised  version  will  be  published  in  the  Manual  with  a 
footnote,  somewhat  as  follows :  ''Revised  Specifications.  Revision  of 
previously  adopted  specifications,  subject  to  formal  action  and  adoption  at 
the  next  annual  convention."  In  that  way  we  will  get  in  our  Manual  the 
specifications  in  their  final  form  as  they  probably  will  be  definitely 
endorsed  next  year.  We  will  not,  therefore,  be  publishing  a  version 
that  will  be  changed,  even  only  in  small  particulars;  at  the  same 
time,  however,  it  will  preserve  the  feature  that  whatever  is  put  in  the 
Manual  should  be  properly  voted  on  under  the  rules.  We  have  done  it 
before,  and  I  think  it  is  proper  to  do  it  in  this  case;  in  other  words,  put 
the  matter  in  the  Manual  with  a  footnote  stating  that  it  is  subject  to  final 
formal  action  by  the  Association. 

(The  motion  was  carried.) 

The  President : — The  Committee  will  be  relieved  with  the  thanks  of 
the  convention. 
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First   Vice-President P.   Alex.   Peterson Montreal,   Can. 

Second  Vice-President W.  G.   Curtis San  Francisco,  Cal. 

Secretary L.   C.  Fritch Washington,  Ind. 

/Assistant  Secretary E.   H.    Fritch Chicago,    111. 

Treasurer W.   S.   Dawley Chicago,   111. 


Augustus  Torrey,  Thos.   Rodd,   F.   H.    McGuigan,   W.   K.   McFarlin, 
Hunter   McDonald,   D.   J.  Whittemore. 

I900-J90I. 

President John  F.  Wallace Chicago,  111. 

First    Vice-President P.    Alex.    Peterson Montreal,   Can. 

Second  Vice-President Hunter  McDonald Nashville,  Tenn. 

Secretary L.   C.  Fritch Washington,  Ind. 

Assistant  Secretary E.   H.    Fritch Chicago,   111. 

Treasurer W.   S.  Dawley Chicago,  111. 

directors. 

Augustus   Torrey,   Thos.    Rodd,    F.   H.    McGuigan,   W.    K.   McFarlin, 
J.   Kruttschnitt,   D.   J.   Whittemore. 
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1 901 -1902. 

President George  W.  Kittredge Cincinnati,  Ohio 

First   Vice-President Hunter  INIcDonald Nashville,  Tenn. 

Second  Vice-President A.  W.  Sullivan Chicago,  111. 

Secretary L.    C.    Fritch Washington,    Ind. 

Assistant  Secretary E.   H.   Fritch Chicago,   111. 

Treasurer W.   S.  Dawley Chicago,  111. 

directors. 

Augustus  Torrey,  Thos.  Rood,  F.  H.  McGuigan,  H.  F.  Baldwin, 
T.  F.  Whittelsey,  J.  Kruttschnitt. 


I902-I903. 

President George  W.  Kittredge Cincinnati,  Ohio 

First   Vice-President A.  W.  Sullivan Chicago,  111. 

Second  Vice-President Hunter  McDonald Nashville,  Tenn. 

Secretary L.    C.    Fritch Cincinnati,    Ohio 

Assistant  Secretary E.   H.   Fritch Chicago,   111. 

Treasurer W.  S.  Dawley Chicago,  111. 


Augustus   Torrey,  Thos.   Rood,   J.   ICruttschnitt,  T.    F.   Whittelsey, 
F.   H.  McGuigan,  a.   W.  Johnston. 


1 903-1 904. 

President Hunter  McDonald Nashville,  Tenn. 

First   Vice-President H.   G.  Kelley Minneapolis,   Minn. 

Second  Vice-President James   Dun Chicago,   111. 

Secretary L.  C.  Fritch Chicago,  111. 

Secretary  pro  tern E.   H.   Fritch Chicago,   111. 

Treasurer W.   S.  Dawley Chicago,   111. 

directors. 

J.  Kruttschnitt,  T.  F.  Whittelsey,  F.  H.   McGuigan,  A.   W.  John- 
ston,  Georgb   W.   Kittredge,   A.   W.    Sullivan. 

Editor W.   D.   Pence Lafayette,  Ind. 
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1 904- 1 905. 

President Hunter  McDonald Nashville,  Tenn. 

First   Vice-President H.   G.  Kelley Minneapolis,   Minn. 

Second  Vice-President James   Dun Chicago,   III. 

Past-President John    F.    Wali„\ce Panama   Canal   Zone 

Secretary L.  C.  Fritch Chicago,  111. 

Assistant  Secretary E.   H.   Fritch Chicago,   111. 

Treasurer W.   S.   Dawley Chicago,   111. 

DIRECTORS. 

F.  H.  McGuiGAN,  A.  W.  Johnston,  George  W.  Kittredge,  A.  W.  Sul- 
livan,  Walter  G.   Berg,   W.   L.   Breckinridge. 

Editor W.   D.   Pence Lafayette,   Ind. 

I905-I906. 

President H.   G.   Kelley Minneapolis,   Minn. 

First  Vice-President James  ,  Dun Chicago,   111. 

Second  Vice-President A.    W.   Johnston Cleveland,   Ohio 

Past-Presidents John    F.    Wallace Chicago,    111. 

George   W.   Kittredge Cincinnati,    Ohio 

Hunter    McDonald Nashville,   Tenn. 

Secretary L.  C.  Fritch Chicago,  111. 

Assistant  Secretary E.    H.    Fritch Chicago,    111. 

Treasurer W.   S.  Dawley Chicago,   111. 

directors. 

W.   C.   Gushing,   J.    P.   Snow,   Walter   G.    Berg,   W.   L.    Breckinridge, 
J.   B.   Berry,   W.   McNab. 

Editor W.   D.    Pence Lafayette,   Ind. 

J906-I907. 

President H.   G.   Kelley Minneapolis,   Minn. 

First  Vice-President A.   W.  Johnston Cleveland,   Ohio 

Second  Vice-President Walter  G.  Berg New  York,  N.  Y. 

Past-Presidents John  F.  Wallace New  York,  N.  Y. 

George  W.  Kittredge New  York,  N.  Y. 

Hunter   McDonald Nashville,   Tenn. 

Secretary E.   H.   Fritch Chicago,   111. 

Treasurer W.   S.   Dawley St.  Louis,  Mo. 

directors. 

W.   L.   Breckinridge,  J.   B.   Berry,   W.   McNab,   W.   C.   Gushing,  J.    P. 

Snow. 

Editor W.  D.  Pence Madison,  Wis. 
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I907-J908. 

President A.   W.   Johnston Cleveland,  Ohio 

First   Vice-President Walter  G.  BEr<G New  York,  N.  Y. 

Second  Vice-President W.    McNab Montreal,    Canada 

Past-Presidents John  F.  Wallace New  York,  N.  Y. 

George  W.  Kittredge New  York,  N.  Y. 

Hunter   McDonald Nashville,   Tcnn. 

H.  G.  Kelley Montreal,  Canada 

Secretary E.    H.    Fritch Chicago,    111. 

Treasurer W.   S.   Dawley St.   Louis,   Mo. 

DIRECTORS. 

J.  B.  Berry,  Chas.  S.  Churchill,  W.  C.  Gushing,  J.  P.  Snow,  W.  G. 
Bebler,   L.    C.   Fritch. 

Editor W.  D.  Pence Madison,  Wis. 


CONSTITUTION. 

REVISED    AT    THE    FIFTH    AND    EIGHTH    ANNUAL    CONVENTIONS. 

ARTICLE  I. 

Section  i.  Name:  The  name  of  this  Association  shall  be  "The 
American  Railway  Engineering  and  Maintenance  of  Way  Associa- 
tion." 

Section  2.  Location :  The  offices  of  the  Association  shall  be 
located  in   Chicago,  111. 

Section  3.  Object:  The  object  of  this  Association  shall  be  the 
ad]  ncement  of  knowledge  pertaining  to  the  scientific  and  economical 
location,   construction,   operation   and   maintenance   of   railroads. 

Section  4.  Means :  The  means  to  be  employed  for  this  purpose 
shall   be  as   follows : 

(a)  Meetings  for  the  reading  and  discussion  of  papers  and  for 
social  intercourse. 

(b)  The  investigation  of  matters  pertaining  to  the  objects  of  this 
Association    through    Standing    and    Special    Committees. 

(c)  The  publication  of  papers,   reports   and   discussions. 

(d)  The  maintenance  of  a  library. 

ARTICLE   II. 
membership. 

Section  i.  The  membership  of  this  Association  shall  be  divided 
into  three  classes,  viz. :  Active  Members,  Honorary  Members  and 
Associates.  All  persons  who  are  members  of  this  Association  at  the 
time  of  the  adoption  of  this  Section  shall  retain  their  membership  as 
Active  Members. 

Section  2.  An  Active  Member  shall  be  a  Civil  Engineer,  Mechanical 
Engineer,  Electrical  Engineer  or  Architect,  who  has  had  not  less  than 
five  (5)  years'  actual  experience  in  the  location,  construction  or  main- 
tenance of  railroads,  and  who  at  the  time  of  application  for  membership 
is  actively  engaged  in  railroad  service,  in  a  responsible  position,  in  charge 
of  work  connected  with  Construction  or  Maintenance  of  Way  and  Struc- 
tures; or  a  Professor  of  Engineering  in  a  College  of  recognized  stand- 
ing; or  any  Railroad  Official  who  is  responsible  for  or  has  supervision 
of   Railroad    Construction   or   Maintenance    of    Way   and    Structures. 

Section  3.  An  Honorary  Member  shall  be  a  person  of  acknowl- 
edged eminence  in  railway  engineering  or  management.  The  number 
of  Honorary  Members  shall  be  limited  to  ten.  Honorary  Members  shall 
have  all  the  rights  of  Active  Members,  except  those  of  voting  in  con- 
vention and  holding  office. 

Section  4.  An  Associate  shall  be  one  who  is  not  in  the  actual 
service   of  a   Railroad    Company,   but   whose  pursuits,   scientific    acquire- 
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ments  or  practical  experience  qualify  him  to  co-operate  with  railroad 
engineers  in  the  advancement  of  professional  knowledge.  Associates 
shall  have  all  the  rights  of  Active  Members,  except  those  of  voting  in 
convention   and  holding  office. 

Section  5.  Any  Active  Member  who  shall  leave  the  railroad  service 
shall  retain  his  membership  in  the  Association  as  an  Associate  with  all 
the  privileges  for  Associates,  specified  in  Section  4,  Article  II,  subject 
to  the  provisions  of  Section  6,  Article  II. 

Section  6.  Persons  who  are  exclusively  engaged  in  the  sale  or 
promotion  of  railroad  patents,  appliances  or  supplies  shall  not  be  eligible 
for  nor  retain  membership  in  any  grade  in   this  Association. 

Section  7.  An  applicant  to  be  eligible  for  membership  in  any  grade 
shall  not  be  less  than  twenty-five    (25)    years  of  age. 

Section  8.  The  Board  of  Direction  shall  have  authority  at  any  time, 
as  the  conditions,  in  its  judgment,  may  warrant,  to  transfer  members 
from  one  grade  to  another,  or  to  drop  a  member  from  the  membership 
list,  under  the  provisions  of   Section  6,   Article  II. 

ARTICLE   III. 
admissions    and    expulsions.  • 

Section  i.  The  Charter  membership  shall  consist  of  all  persons 
who  are  eligible  for  membership  under  the  provisions  of  Article  II,  and 
who  may  make  application  to  the  Secretary  of  the  Preliminary  Or- 
ganization and  receive  a  majority  of  the  votes  of  the  Organization 
Committee  (composed  of  the  Chairman  and  Secretary  of  the  Preliminary 
Organization  and  the  five  persons  constituting  the  Committee  to  pre- 
pare a  Constitution  and  By-laws),  and  pay  the  entrance  fee,  herein- 
after provided  for,  within  thirty  days  from  the  date  of  the  adoption  of 
this   Constitution. 

Section  2.  After  the  expiration  of  said  thirty  days  any  person 
desirous  of  becoming  a  member  shall  make  application  upon  the  form 
prescribed  by  the  Board  of  Direction,  setting  forth  in  a  concise  state- 
ment the  candidate's  name,  age,  residence  and  technical  and  practical 
experience.  He  shall  refer  to  at  least  three  members  to  whom  he  is 
personally  known,  each  of  whom  shall  be  requested  by  the  Secretary 
to  certify  to  a  personal  knowledge  of  the  candidate  and  his  fitness  for 
membership  in  the  Association.  An  application  shall  not  be  considered 
by  the  Board  which  has  not  been  formally  endorsed  by  three  members 
of  the  Association. 

Upon  receipt  of  an  application,  properly  endorsed,  the  Board  of 
Direction,  through  its  Secretary,  or  a  Committee  on  Applications  to  be 
appointed  by  the  Board  of  Direction  from  among  its  own  members, 
shall  make  such  investigation  of  the  candidate's  fitness  as  may  be 
deemed  necessary.  The  Secretary  of  the  Association  will  furnish  copies 
of  the  information  obtained,  together  with  a  copy  of  the  application,  to 
each  member  of  the  Board  of  Direction.  At  any  time,  not  less  than 
thirty  days  after  the  filing  of  the  application,  the  admission  of  the  ap- 
plicant shall  be  voted  on  by  letter-ballot  by  each  member  of  the  Board 
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of  Direction.  Affirmative  votes  by  two-thirds  of  the  Board  of  Direc- 
tion shall  elect  the  candidate ;  "provided,  however,  that  should  an  appli- 
cant for  membership  be  personally  unknown  to  three  members  of  the 
Association,  due  to  residence  in  a  foreign  country,  or  in  such  a  portion 
of  the  territory  of  the  United  States  as  precludes  him  from  a  suffi- 
cient acquaintance  with  members  of  the  Association,  he  may  refer  to 
well-known  men  engaged  in  railroad  or  allied  professional  work,  upon 
the  form  above  described,  and  such  application  shall  be  considered  by 
the  Board  of  Direction  in  the  manner  above  set  forth,  and  the  applicant 
may  be  elected  to  membership  by  a  unanimous  vote  of  the  Board  of 
Direction. 

Section  3.  All  candidates,  after  due  notice  from  the  Secretary  of 
their  election,  shall  subscribe  to  the  Constitution  and  By-laws  on  forms 
prescribed  by  the  Board  of  Direction.  If  this  provision  be  not  complied 
with  within  six  months  of  said  notice,  the  election  shall  be  considered 
null   and  void. 

Section  4.  Any  person,  having  once  been  a  member  of  the  Associa- 
tion, and  having,  while  in  good  standing,  resigned  from  such  membership, 
may,  at  a  subsequent  date,  be  restored  to  membership,  without  the 
payment  of  a  second  entrance  fee;  provided  his  application  for  rein- 
statement is  signed  by  five  members,  certifying  to  his  fitness  for  re- 
election, and  such  application  is  favorably  passed  upon  by  the  Board  of 
Direction  by  a  two-thirds  majority  vote  of  the  entire  Board. 

Section  5.  Honorary  members  shall  be  proposed  by  at  least  ten 
Active  members  to  the  Secretary.  Each  member  of  the  Board  of 
Direction  shall  be  furnished  with  a  copy  of  the  proposal,  and  after  thirty 
days  votes  by  ballot  shall  be  taken  by  the  Board  of  Direction  thereon. 
If  a  candidate  shall  receive  the  unanimous  vote  of  said  Board,  he  shall 
be  declared  an  Honorary   member. 

Section  6.  Expulsions :  On  written  charges  preferred  by  ten  or 
more  members,  addressed  to  the  Secretary  of  the  Association,  the  mem- 
ber complained  of  shall  be  served  with  a  copy  of  said  charges,  and 
shall  be  called  upon  to  show  cause  to  the  Board  of  Direction  why  he 
should  not  be  expelled  from  the  Association.  Thirty  days  after  said 
member  has  been  properly  notified  of  the  charge  preferred  against  him, 
a  vote  shall  be  taken  on  his  expulsion,  and  he  may  be  expelled  upon 
a  two-thirds   vote   of  the   Board   of  Direction. 

Section  7.  Resignations :  It  shall  be  the  duty  of  the  Board  of 
Direction  to  accept  the  resignation,  tendered  in  writing,  of  any  member 
whose   dues   are   fully  paid   up. 

ARTICLE    IV. 

DUES. 

Section  i.  An  initiation  fee  of  $10.00  shall  be  payable  to  the  Sec- 
retary with  each  application  for  membership;  this  sum  is  to  be  re- 
turned to  the  applicant,  however,  who  is  not  elected. 

Section  2.  The  annual  dues  of  this  Association  shall  be  ?io.oo, 
payable  annually,  during  the  first  three  months  of  each  calendar  year 
for  the  current  year. 


644  CONSTITUTION. 

Section  3.  Any  person  whose  dues  remain  three  months  in  arrears 
shall  be  notified  of  same  by  the  Secretary.  Should  the  dues  in  arrears 
not  be  paid  prior  to  July  ist  of  each  year,  the  delinquent  member  shall 
lose  his  right  to  vote,  but  shall  continue  to  receive  the  publications  of 
the  Association.  Should  his  dues  become  nine  months  in  arrears  he 
shall  be  notified  on  the  form  prescribed  by  the  Board  of  Direction,  and 
he  shall  no  longer  receive  the  publications  of  the  Association.  If  the 
delinquent  dues  are  not  paid  by  the  first  of  the  following  year,  he  shall 
forfeit  his  membership  with  the  Association  without  further  action  or 
notice. 

Section  4.  The  Board  of  Direction  may,  however,  extend  the  time 
of  payment  of  dues  and  for  the  application  of  these  penalties.  The 
Board  of  Direction  may  also,  for  sufficient  cause,  excuse  from  payment 
the  annual  dues  of  any  member  who,  from  ill-health,  advanced  age  or 
other  good   reason,    is   vmable   to    pay  his    dues. 

ARTICLE    V. 


Section  i.  The  officers  of  this  Association  shall  consist  of  a  Presi- 
dent, a  First  Vice-President,  a  Second  Vice-President,  six  Directors,  a 
Secretary  and  a  Treasurer,  who,  together  with  the  four  latest  living 
Past-Presidents,  who  are  Active  Members,  shall  constitute  the  Board  of 
Direction  in  which  the  government  of  the  Association  shall  be  vested, 
and  who  shall  act  as  Trustees  and  have  the  custody  of  all  property 
belonging  to  the  Association.  The  offices  of  First  and  Second  Vice- 
Presidents  shall  be  determined  by  the  priority  of  the  respective  dates 
of   election  of  the  two   Vice-Presidents. 

Section  2.  The  term  of  office  of  the  President  shall  be  one  year; 
that  of  the  Vice-Presidents  two  years ;  that  of  the  Directors  three 
years,  and  of  the  Secretary  and  Treasurer  one  year,  with  the  exception, 
however,  that  at  the  first  election  of  officers  after  the  adoption  of 
this  Constitution  one  Vice-President  and  two  Directors  shall  be  elected 
to  serve  one  year ;  one  Vice-President  and  two  Directors  for  two  years ; 
and  two  Directors  for  three  years ;  provided,  also,  that  after  the  first 
annual  election,  one  Vice-President  and  two  Directors  shall  be  elected 
each  year  in  addition  to   the   President,   Secretary  and   Treasurer. 

Section  3.  The  President  shall  not  be  eligible  for  re-election  to 
that  office  until  the  period  of  eight  years  shall  have  elapsed  after  the 
expiration  of  his  previous  term  of  ofBce.  The  Vice-Presidents  and  Di- 
rectors shall  not  be  eligible  for  re-election  to  the  same  office  until  at 
least  one  full  term  shall  have  elapsed  after  the  expiration  of  their  pre- 
vious term  of  office. 

Section  4.  The  first  election  of  officers  under  this  Constitution  shall 
be  held  by  the  Preliminary  Organization  of  Charter  members  immedi- 
ately after  the  adoption  of  this  Constitution,  and  the  officers  so  elected 
shall  at  once  assume  office.     The  term'  of  each  officer  shall  begin  at  the 
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close  of  each  election  and  shall  continue  until  his  successor  shall  be 
elected. 

Section  5.  Any  vacancy  in  the  office  of  President  shall  be  filled 
by  the  First  Vice-President.  A  vacancy  in  the  office  of  either  of  the 
Vice-Presidents  shall  be  filled  by  election  from  among  the  Directors. 
In  case  of  the  disability  or  neglect  in  the  performance  of  his  duty  of 
any  officer  of  this  Association,  the  Board  of  Direction,  by  a  two-thirds 
majority  of  the  entire  Board,  shall  have  power  to  declare  the  office 
vacant.  Vacancies  in  any  office  for  the  unexpired  term  shall  be  filled 
by  the  Board  of  Direction,  except  vacancy  in  the  office  of  President, 
as    provided   above. 

Section  6.  At  least  thirty  days  before  each  annual  meeting,  the 
Board  of  Direction,  who  shall  act  as  a  Nominating  Committee,  shall 
nominate  to  the  Association  a  list  of  officers  for  the  next  ensuing  year. 
At  any  time  prior  to  the  thirty  daj's  before  the  annual  meeting  any  ten 
members  of  the  Association  shall  have  the  right  to  nominate  officers  for 
the  ensuing  year.  Thirty  days  prior  to  each  annual  meeting  the  Sec- 
retary shall  issue  ballots  to  each  active  member  of  record  in  good 
standing,  with  a  list  of  the  several  candidates  to  be  voted  upon,  whose 
names  shall  be  placed  in  alphabetical  order  if  more  than  one  person 
is  nominated  for  any  position.  Ballots  shall  be  placed  in  a  sealed 
envelope,  with  the  name  of  the  member  voting  endorsed  thereon,  and 
deposited  with  the  Secretary  at  any  time  previous  to  the  annual  meeting. 
At  the  annual  meeting  three  tellers  shall  be  appointed,  who  shall  open 
and  count  the  ballots  and  report  the  result  thereof.  The  majority  of 
votes    cast    for   any   nominee    shall    determine    his    election. 

ARTICLE   VI. 

COMMITTEES. 

Section  i.  The  Board  of  Direction  shall  meet  within  thirty  days 
after  each  annual  meeting,  and  shall  appoint  from  among  its  members 
a  Finance  Committee  of  three,  a  Library  Committee  of  three,  and  a 
Committee  on  Publications  of  three.  These  Committees  shall  report  to 
the  Board   of  Direction  and  perform  their  duties  under  its  supervision. 

Section  2.  The  Finance  Committee  shall  have  immediate  supervi- 
sion of  the  accounts  and  financial  affairs  of  the  Association ;  shall  approve 
all  bills  before  payment,  and  shall  make  recommendations  to  the  Board 
of  Direction  as  to  the  investment  of  moneys  and  as  to  other  financial 
matters.  The  Finance  Committee  shall  not  have  the  power  to  incur 
debts  or  other  obligations  binding  the  Association,  nor  authorize  the 
payment  of  money  other  than  the  amounts  necessary  to  meet  ordinary 
current  expenses  of  the  Association,  except  by  previous  action  and 
authority  of  the  Board  of  Direction. 

Section  3.  The  Library  Committee  shall  liave  general  supervision 
of  the   library   of   the   Association    and   property   therein. 

Section  4.  The  Committee  on  Publications  shall  liave  general  su- 
pervision  of  the   publications   of   the   Association. 
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Section  5.  The  Board  of  Direction  may  appoint  such  Standing 
Committees  as  it  may  deem  best,  to  investigate,  consider  and  report 
upon  methods  or  appHances  pertaining  to  the  general  question  of  rail- 
road  location,   construction   or   maintenance. 

It  shall  be  within  the  province  of  the  Board  of  Direction  to  invite 
discussions  of  reports  from  sources  outside  of  the  Association  from 
those  who  are  especially  qualified  by  their  learning  and  experience  to 
add  to  the  value  of  the  report  under  consideration ;  and  such  discussions 
may  be  printed  in  the  Bulletins  prior  to°  the  regular  annual  meeting,  and, 
if  approved  by  the  vote  of  the  Association,  shall  be  included  in  the  pub- 
lished Proceedings  of  the  Association. 

Section  6.  Special  Committees  to  examine  into  and  report  upon 
any  subject  connected  with  the  purposes  of  this  Association  may  be 
appointed  in  the  following  manner : 

A  resolution  to  appoint  such  Committee,  setting  forth  its  objects  and 
the  number  of  its  members,  may  be  presented  by  letter  at  any  time  to 
the  Secretary  of  the  Association,  if  signed  by  ten  Active  members,  and 
shall  be  referred  by  him  to  the  Board  of  Direction,  which,  if  it  sees  fit, 
may  appoint  such  Committee.  If  the  Board  of  Direction  should  not 
deem  it  expedient  to  appoint  such  a  Committee,  the  members  requesting 
the  appointment  of  such  Committee  shall  be  notified,  and  the  matter  will 
then  be  referred  to  the  Association  at  its  next  annual  meeting  and  de- 
cided upon  by  ballot.  If  two-thirds  of  the  members  present  vote  in 
favor  of  such  Committee,  it  shall  be  appointed  by  the  President. 

ARTICLE    VII. 

MANAGEMENT. 

Section  i.  The  President  shall  have  a  general  supervision  of  the 
affairs  of  the  Association.  He  shall  preside  at  all  meetings  of  the 
Association  and  at  all  meetings  of  the  Board  of  Direction,  and  shall  be 
ex-ofiicio  member  of  all  Committees. 

The  Vice-Presidents  in  order  of  seniority  shall  preside  at  meetings 
in  the  absence  of  the  President,  and  discharge  his  duties  in  case  of  a 
vacancy    in    his    office. 

Section  2.  The  Board  of  Direction  shall  manage  the  affairs  of  the 
Association  and  shall  have  full  power  to  control  and  regulate  all  mat- 
ters   not    otherwise   provided    for    in    the    Constitution. 

Section  3.  The  Treasurer  shall  receive  all  moneys  and  deposit  same 
in  the  name  of  the  Association,  and  shall  receipt  to  the  Secretary  there- 
for. He  shall  invest  all  funds  not  needed  for  current  disbursements  as 
shall  be  ordered  by  the  Board  of  Direction.  He  shall  pay  all  bills,  when 
properly  certified  and  audited  by  the  Finance  Committee,  and  make  such 
reports   as  may  be  called   for  by  the  Board  of   Direction. 

Section  4.  The  Secretary  shall  be,  under  the  direction  of  the  Presi- 
dent and  Board  of  Direction,  the  Executive  officer  of  the  Association. 
He  shall  attend  all  meetings  of  the  Association  and  of  the  Board 
of   Direction,    prepare    the    business    therefor,    and    duly    record    the    pro- 
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ceedings  thereof.  He  shall  see  that  all  moneys  due  the  Association 
are  carefully  collected  and  without  loss  transferred  to  the  custody  of 
the  Treasurer.  He  shall  personally  certify  to  the  accuracy  of  all 
bills  or  vouchers  on  which  money  is  to  be  paid.  He  is  to  conduct 
the  correspondence  of  the  Association  and  keep  proper  record  thereof, 
and  perform  such  other  duties  as  may  be  assigned  to  him  from  time  to 
time  by  the   Board  of  Direction. 

ARTICLE  VIII. 

MEETINGS. 

Section  i.  The  regular  annual  meeting  of  the  Association  shall  be 
held  in  the  City  of  Chicago,  commencing  upon  the  third  Tuesday  in 
March  of  each  year,  and  at  such  place  in  said  city  as  may  be  selected  by 
the  Board  of  Direction.  Twenty-five  Active  members  shall  constitute 
a  quorum.  Other  meetings  of  the  Association  may  be  held  at  such 
times  and  such  places,  either  within  or  without  the  City  of  Chicago, 
as  the  Board  of  Direction  may  select.  The  Secretary  shall  notify  all 
members  of  the  time  and  place  of  all  meetings  of  the  Association  at  least 
thirty  days  in  advance  thereof. 

Section  2.  The  Board  of  Direction  shall  meet  at  such  times  and  at 
such  places  as  the  President  may  direct.  Five  members  of  the  Board 
of  Direction  shall  constitute  a  quorum. 

Section  3.  The  order  of  business  at  meetings  of  the  Association 
shall  be  as   follows : 


Reading    of    Minutes    of    last    meeting. 


Address  of  the  President. 

Reports   of   the    Secretary    and   Treasurer. 

Reports   of    Standing    Committees. 

Reports  of  Special  Committees. 

Unfinished   business. 

New   business. 
8.     Election  of  officers, 
p.     Adjournment. 

This  order  of  business,  however,  may  be  varied  from  on  a  majority 
vote  of  members  present  at  any  meeting. 

Section  4.  Discussion  shall  be  limited  to  members  and  to  those  in- 
vited to  speak  by  the  Presiding  Officer. 

ARTICLE   IX. 

AMENDMENTS. 

Section  i.  Proposed  amendments  to  this  Constitution  must  be 
made  in  writing  and  signed  by  not  less  than  ten  Active  members,  and 
shall  be  acted  upon   in   the   following   manner : 

The  amendments  shall  be  presented  to  the  Secretary,  who  shall  send 
a  copy  of  same  to  each  member  of  the  Board  of  Direction  as  soon  as 
received.     If  at  the  next  meeting  of  the  Board  of  Direction  a  majority 
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of  the  Board  are  in  favor  of  considering  the  proposed  amendments, 
the  matter  shall  then  be  submitted  by  letter  to  each  Active  member 
of  the  Association  for  voting  by  ballot,  and  the  result  announced  by 
the  Secretary  at  the  next  annual  meeting  of  the  Association.  In  case 
two-thirds  of  the  votes  received  are  affirmative,  the  amendments  sha!! 
be  declared  adopted.  Amendments  so  adopted  shall  take  effect  thirty 
days   thereafter. 


GENERAL  RULES 

FOR   THE   PREPARATION   OF   COMMITTEE   REPORTS. 

(i)  Submit  condensed  statement  of  meetings  held  and  names  of 
members  in  attendance ;  also  personnel  of  sub-committees  appointed  for 
special  subjects. 

(2)  Review  briefly  last  report,  describing  action  taken  by  the  Asso- 
ciation thereon,  enumerating  in  their  order  all  conclusions  adopted, 
referring  to  volume  and  page  of  Proceedings.  Submit  recommendations 
for  changes  in  previously  adopted  reports  when  deemed  advisable,  and 
include   specifications    or   standards    adopted    at    the    last    convention. 

(3)  Make  special  effort,  by  personal  request  and  letters,  to  secure 
written  discussion  of  past   reports   as   a  guide   for   future   action. 

(4)  Frame  reports  to  conform  as  far  as  possible  to  the  following 
general  plan : 

(a)  Historical. — A  brief  account  of  the  history  of  the  subject- 
matter  of  the  report,  giving  an  outline  of  the  origin  and  development  of 
the    same. 

(b)  Analytical. — An  analysis  of  the  subject-matter  of  the  report, 
especially   of  the  most   important   elements  thereof. 

(c)  Argument. — A  statement  giving  the  advantages  in  favor  of 
the  recommended  practices  and  the  disadvantages  of  the  old  or  present 
practices. 

(d)  Conclusions. — The  final  recommendations  for  the  adoption  of 
the  various  elements  of  the  report  in  the  order  of  sequence,  expressing 
in  succinct  language  the  action  which  it  is  desired  the  convention  is  to 
take. 

(e)  Definitions. — Submit  definitions  of  technical  terms,  used  in  the 
report,  the  meaning  of  which  is  not  clearly  established,  defining  them 
only  from  a  professional  standpoint.  Group  or  tabulate  definitions  ac- 
cording to  their  analytical  sequence  or  for  convenience  of  discussion  and 
reference. 

(f)  Plans. — The  title  of  the  drawings  or  plans  submitted  with 
reports  to  be  placed  in  the  upper  right-hand  corner,  together  with  the 
following  lettering : 

Am.  Ry.  Eng.  &  M.  W.  Assn. 
Convention  of  190.  . 

Committee  on   

(Title  of  drawing.) 

(5)  The  collection  and  compilation  of  data  and  subsequent  analysis 
in  the  form  of  arguments  and  criticism  is  a  necessary  and  valuable  pre- 
liminary element  of  all  committee  work ;  but  the  ultimate  aim  of  all  the 
Association's  efforts  should  be  to  produce  permanent  results.  This  can 
be  best  accomplished  by  having  all  committee  work  tend  toward  the 
presentation  to  the  Association  of  concise  conclusions,  recommendations, 
specifications,  standards,  plans,  etc.,  suitable  for  adoption  and  recom- 
mendation  as  good  practice. 

649 
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FOR    THE    CONSIDERATION    AND    PUBLICATION    OF    COM- 
MITTEE   REPORTS. 

(i)  No  report  shall  come  before  the  convention  for  discussion 
unless  it  has  been  published  in  the  Bulletin. 

(2)  Written  discussions  on  published  reports  will  appear  in  subse- 
quent Bulletins.  The  last  Bulletin  before  the  convention  will  appear 
about  February  ist.  Discussions  received  between  December  31st  and 
February  15th  which  do  not  appear  in  the  last  Bulletin,  will  be  published 
in  leaflet  form.  The  convention  will  be  held  about  the  middle  of  March 
of  each  year.  Discussions  received  after  February  15th  will  not  be  pub- 
lished prior  to  the  convention,  but  will  be  transmitted  to  the  respective 
committees  as  soon  as  received.  Reports  for  which  no  definite  date  for 
publication  has  been  fixed  by  the  Board  of  Direction  must  be  presented 
not  later  than  December  31st.  Reports  received  after  December  31st  will 
not  come  before  the  following  convention  for  discussion ;  will  be  with- 
held from  the  public  press,  published  in  a  Bulletin  after  the  convention, 
and  considered   at  the  next   convention. 

(3)  Reports  will  be  considered  by  the  convention  in  the  order  of 
their  publication  in  the  Bulletin,  unless  the  convention  by  a  two-thirds 
majority  may  decide  to  give  precedence  to  one  or  more  particular  reports. 

(4)  No  report  shall  be  published  in  the  Proceedings  unless  it  shall 
have  been  acted  upon  by  the  convention.  Reports  coming  before  the 
convention  and  not  being  acted  upon  for  lack  of  time  will  be  published 
in  subsequent  Bulletins,  together  with  all  written  discussions  presented  to 
the  Secretary  thereon,  at  times  fixed  by  the  Board  of  Direction. 

(5)  The  method  of  consideration  of  reports  will  be  as  follows: 

(a)  Reading  by  title. 

(b)  Reading,   discussing   and   acting   upon    each   conclusion    separately. 

(c)  By  majority  vote  discussion  will  be  had  of  each  item.     Clauses  not 

objected  to  when   read  will  be  considered  as  voted  upon   and 
adopted. 

(6)  Action  by  the  convention  on  reports  will  be  one  of  the  follow- 
ing after  discussion  is  closed : 

(a)  Receiving    as    information. 

(b)  Receiving  as  a  progress  report  and  referring  back  to  committee. 

(c)  Adoption  of  a  portion  and  referring  remainder  back  to  committee. 

(d)  Adoption  as  amended. 

(e)  Adoption  as   submitted. 

(7)  Reports  will  be  published  in  the  Proceedings  in  their  original 
form,  as  presented  by  the  committee ;  but  the  Secretary  will  prepare  for 
convenience  of  reference  a  summary  of  the  alterations  ordered  by  the 
Association  and  insert  the  same  immediately  after  the  signature  of  the 
committee  and  preceding  the  discussion. 

(8)  All  discussions,  both  oral  and  written,  will  be  published  in  the 
Proceedings.  Each  speaker's  remarks  will  be  submitted  to  him  in  writing 
before  publication  in  the  Proceedings  for  correction  of  diction  and  errors 
of  reporting,  but  not  for  the  elimination  of  remarks. 
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(9)  All  committee  organizations  are  to  be  considered  permanent 
unless  changes  are  made  by  the  Board  of  Direction. 

(10)  As  soon  as  possible  after  each  annual  convention  the  Board 
of  Direction  will  announce  the  outline  of  committee  work  for  the  next 
convention,  with  list  of  committeemen. 

(11)  Reports  as  finally  adopted  by  the  Association  will  be  published 
from  time  to  time  in  a  volume  to  be  entitled  "Manual  of  Recommended 
Practice  for  Railway  Engineering  and  Maintenance  of  Way,  containing 
the  Definitions,  Specifications  and  Principles  of  Practice  adopted  and 
recommended  by  the  American  Railway  Engineering  and  Maintenance  of 
Way  Association." 

GENERAL  RULES  FOR  PUBLICATION  OF  "M'ANUAL  OF  REC- 
OMMENDED   PRACTICE." 

(i)  The  title  of  the  volume  will  be  "Manual  of  Recommended 
Practice  for  Railway  Engineering  and  Maintenance  of  Way,  containing 
the  Definitions,  Specifications  and  Principles  of  Practice  adopted  and 
recommended  by  the  American  Railway  Engineering  and  Maintenance  of 
Way  Association,"  edited  under  the  direction  of  the  Committee  on  Pub- 
lications,  and   publication   approved   by   the    Board   of   Direction. 

(2)  The  adoption  by  the  Association  and  subsequent  publication  of 
any  matter  in  the  Manual  shall  be  considered  in  the  nature  of  recom- 
mended practice  and  shall  not  be  binding  on  the  members. 

(3)  The  Manual  shall  only  include  resolutions,  conclusions,  recom- 
mendations, plans,  etc.,  relating  to  definitions,  specifications  or  principles 
of  practice  of  such  questions  connected  with  railway  engineering  and 
maintenance  of  way  work  which  have  been  made  the  subject  of  a  special 
study  by  a  standing  or  special  committee  and  embodied  in  a  committee 
report,  published  not  less  than  thirty  days  prior  to  the  annual  conven- 
tion, and  submitted  by  the  committee  at  the  annual  convention,  and 
which,  after  due  consideration  and  discussion,  shall  have  been  voted  on 
and  formally  adopted  by  the  Association. 

(4)  Any  matter  published  in  the  Manual  may  be  amended,  revised, 
extended  or  withdrawn  by  vote  at  any  subsequent  annual  convention, 
provided  such  changes  are  proposed  in  time  for  publication  not  less  than 
thirty  days  prior  to  the  annual  convention,  and  in  the  following  manner : 

(a)  Upon  recommendation  of  the  committee  in  charge  of  the  subject; 

(b)  upon  recommendation  of  the  Board  of  Direction;  (c)  upon  request 
of  five  members,  subject  to  the  action  of  the  Board  of  Direction  under 
Rule   (6). 

(5)  All  resolutions,  conclusions,  recommendations,  specifications, 
standards,  etc.,  in  order  to  be  included  in  the  Manual  must  be  in  concise 
and  proper  final  shape  for  publication,  as  the  Manual  will  consist  only 
of  a  summary  record  of  the  definitions,  principles  of  practice,  specifica- 
tions and  standards  recommended  by  the  Association,  with  a  brief  ref- 
erence to  the  published   Proceedings  of  the  Association   for  the   context 
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of  the  committee  report  and  subsequent  discussions  and  the  final  action 
of  the  Association. 

(6)  The  Board  of  Direction  shall  have  authority  to  exclude  from 
the  Manual  any  matter  which,  in  its  judgment,  it  shall  consider  as  not 
desirable  to  publish,  or  as  not  being  in  proper  shape,  or  as  not  having 
received  proper  study   and  consideration. 

(7)  The  Manual  will  be  revised  annually  and  kept  up-to-date  by 
publishing  a  new  edition  or  a  supplemental  pamphlet  as  promptly  as 
possible  after  each  convention. 

INSTRUCTIONS    TO     COMMITTEES— OUTLINE    FOR     1907-1908. 

GENERAL   FOR   ALL    COMMITTEES. 

Review,  revise  and  supplement,  if  thought  desirable,  all  matter  pub- 
lished in  the  "Manual  of  Recommended  Practice,"  and  give  the  necessary 
notice  of  any  recommended  changes  in  accordance  with  clause  "a,"  Arti- 
cle 4,  of  the  General  Rules  for  the  Publication  of  the  Manual  of  Recom- 
mended   Practice. 

In  presenting  new  matter  for  consideration  of  the  Association,  with 
a  view  to  having  same  subsequently  appear  in  the  Manual,  aim  to  have 
all  conclusions,  recommendations,  specifications,  standards,  etc.,  in  concise 
and  proper  final   shape,  suitable   for  publication   in   the   ^lanual. 

Descriptive  and  argumentative  matter  will  not  be  published  in  the 
Manual  unless  brief  and  absolutely  essential  to  a  proper  understanding 
of  the  context  or  plans. 

Resubmit  any  matter  presented  in  previous  reports  on  which  the 
Association  has  not  acted,  and  which  the  committee  desires  to  have 
considered,  and  state  concisely  what  sections  are  to  be  so  considered  and 
what  action  the  committee  desires.  It  will  not  be  necessary  to  include 
such  matter  in  the  committee  report,  but  refer  to  the  previous  publica- 
tion of  same  in  the  Proceedings,  unless  the  changes  in  the  previously 
published  version  arc  extensive.  Minor  changes  can  be  explained  in  the 
text  of  the  conmiittec  report. 

At  the  end  of  the  committee  report,  state  concisely  what  action  the 
committee  desires  to  have  taken  on  the  various  parts  of  the  report,  and 
especially  the  sections  recommended  for  publication  in  the  Manual. 

I.      COMMITTEE  ON  ROADWAY. 

Consider  the  question  of  grade  and  curve  improvement  work  as  it 
applies  to  conditions  inside  cities,  such  as  track  elevation  and  depres- 
sion, confining  these  investigations  to  the  consideration  of  practical 
methods  and  organization,  and  omitting  the  economic  features. 

Tabulate  and  prepare  information  hearing  upon  the  subject  of  the 
general  practical  work  of  grade  and  curve  improvement  work,   confining 
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these  investigations  to  the  consideration  of  practical  methods  and  organi- 
zation, and  omitting  the  economic  features. 

Report  on  the  best  method  of  determining  the  size  of  waterways. 

II.      COMMITTEE  ON  BALLASTING. 

A  review  of  the  customary  recommended  practice  for  preparation 
and  deHvery  of  various  classes  of  ballast,  with  cost  of  handling  same, 
if   practicable. 

A  review  of  the  advantages  and  disadvantages  of  the  various  types 
of  ballast,  including  rock,  slag  and  gravel,  and  the  different  qualities 
of  gravel  with  reference  to  the  amount  of  sand  or  clay  contained. 

A  review  of  the  customary  practice  and  practicability  of  treating 
rock  ballast  which  has  become  foul  under  the  ties. 

Prepare  recommended  principles  of  practice  for  slag  ballast,  chats 
ballast,   cementing  gravel   ballast   and   chert  ballast. 

Review  of  special  literature  on  the  subject  of  ballasting. 

III.  COMMITTEE   ON    TIES. 

Continue  the  compilation  of  statistics  upon  the  life  of  ties,  both 
treated  and  untreated,  and  the  causes  of  failure,  whether  from  decay, 
wear,  or  spike-cutting;  and  confer  with  the  Committee  on  Track  upon 
the  latter  conditions. 

Recommendations  or  a  review  of  the  proper  methods  of  analysis 
for  creosote  oils. 

Information  upon  the  subject  of  the  design  and  use  of  concrete 
ties  and  steel  ties. 

A  review  of  the  sources  of  tie  supply  and  their  conservation  and 
probable  results  of  forest  planting  for  future  supplies. 

Prepare  circular  for  letter-ballot  on  the  subject  of  the  desirability 
of  the  Association  adopting  specific  sizes  of  ties  for  the  several  classes 
of   track   and   present    report   and    recommendations. 

Confer  with  the  Committee  on  Wooden  Bridges  and  Trestles  rela- 
tive to  methods  of  treatment  for  preserving  timber. 

IV.  COMMITTEE   ON    RAIL. 

Confer  with  the  Committee  on  Rail  of  the  American  Society  of 
Civil  Engineers,  and  report  on  any  recommended  changes  in  specifi- 
cations. 

Continue  the  investigation  of  the  breakage  and  failure  of  rails,  and 
report  upon   the  apparent   causes   for   such   failures. 

Report  upon  the  results  of  the  use  of  open-hearth  steel  rails  and 
the  chemical  composition  of  such  rails. 

Recommendation  as  to  limiting  the  number  of  standard  rail  sections. 
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V.      COMMITTEE   ON   TRACK. 

Report  on  the  subject  of  turnouts  and  turnout  material,  including 
the  best  types  of  switchstands,  switch  points,  frogs,  guard  rails  and 
throat  clearance,  bearing  in  mind  the  possibility  of  an  increase  of  the 
thickness  of  wheel  flanges  and  the  effect  of  worn  tires  and  wheels  upon 
the  various  parts  of  turnouts,   frogs  and  crossings. 

Report  on  facing  point  switches  for  high  speeds  with  a  continuous 
main  line  rail. 

Prepare  circular  for  letter-ballot  on  the  subject  of  the  best  length 
for  switches  and  present   report  and   recommendations. 

Report  upon  the  tiling  of  wet  cuts  and  the  curing  of  slides. 

Confer  through  a  sub-committee  with  the  American  Railway  Master 
Mechanics'  Association  upon  the  subject  of  widening  the  gage  on  curves 
and  spacing  of  guard  rails,  as  affected  by  the  different  lengths  of  engine 
wheel  base,  arrangement  of  flanged  wheels  and  wheel  wear. 

Confer  with  Committee  on  Ties  relative  to  causes  of  destruction 
of  ties  and  size  of  tie. 

Confer  with  Committee  on  Signaling  relative  to  switchstands. 

VI.     COMMITTEE  ON   BUILDINGS. 

Report  and  present  recommendations  relative  to  best  type  of  loco- 
motive coaling  station  to  adopt   for  various   conditions. 

Report  on  use  of  reinforced  concrete  for  roundhouses. 

Report  on  best  method  for  smoke  removal,  ventilation  and  heating 
of   roundhouses. 

Report  on  use  of  movable  or  fixed  cranes  for  facilitating  locomotive 
repairs  in  roundhouses. 

Report  on  best  arrangement  of  windows  and  roof  lights  and  proper 
ratio  of  light  area  to  fioor  surface  in^  roundhouses. 

VII.     COMMITTEE    ON    WOODEN    BRIDGES    AND    TRESTLES. 

Co-operate  with  the  Committee  on  Structural  Materials  of  the 
American  Society  for  Testing  Materials  with  a  view,  if  possible,  to  th.^ 
preparation  of  a  standard  specification  for  structural  timbers. 

Continue  the  compilation  of  data  upon  the  cost  of  construction, 
maintenance  and  life  of  ballast  floor  trestles  of  the  different  types  no\< 
in  use,  with  designs  explanatory  of  the  types  considered. 

Extend  list  of  recommended  safe  unit  stresses  for  timber. 

Revise  report  on  classification  of  the  Washington  or  Northwest 
timbers  and  recommended  standard  names  for  principal  varieties  in  use 
for   railroad   structural   work. 

Study  the  methods  of  preserving  structural  timber,  their  cost  and 
efficiency,  and  their  influence  upon  the  strength  of  the  timber,  confer- 
ring with  the  Committee  on  Ties  relative  to  methods  of  treatment. 
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VIII.      COMMITTEE    ON    MASONRY. 

Appoint  a  sub-committee  to  co-operate  with  the  Joint  Committee  on 
Concrete  and  Reinforced  Concrete. 

Review  and  edit  the  Specifications  for  Stone  Masonry  and  present 
same  for  final  approval. 

Investigate  and  report  upon  the  most  economical  size  or  combina- 
tion of  sizes  for  stone  to  be  used  in  stone  concrete,  as  applied  to  the 
different  classes  of  work.  This  may  be  a  portion  of  the  work  of  the 
sub-committee. 

Collect  data  upon  the  reported  failures  of  concrete  structures  and 
the  probable  cause  of  same.  This  may  be  assigned  to  the  sub-com- 
mittee, if  thought  desirable. 

Investigate  and  report  upon  the  waterproofing  of  masonry — methods, 
results,  cost  and  recommended  practice. 

Present  typical  standard  designs  now  in  use  for  masonry  culverts, 
both   stone   and    concrete. 

IX.      COMMITTEE  ON  SIGNS,  FENCES,  CROSSINGS  AND  CAT- 
TLE-GUARDS. 

Present  such  additional  recommendations  and  conclusions  covering 
the  various  subjects  reported  on  in  the  previous  reports  of  the  Com- 
mittee as  may  be  considered  desirable. 

Report  on  snow  fences,  snow  sheds  and  other  means  to  prevent 
snow  accumulating  and  best  methods  of  clearing  tracks  and  snow 
removal. 

X.      COMMITTEE    ON     SIGNALING    AND    INTERLOCKING. 

Confer  with  the  Signaling  Committee  of  the  American  Railway 
Association  upon  the  subject  of  standard  rules  and  their  effect  upon 
the  design,  construction,  maintenance  and  operation  of  interlocking  and 
block  signal  plants. 

Review  and  present  recommendations  in  regard  to  the  subject  of 
indications. 

Report  upon  system  of  signaling;  system  of  signaling  with  banjo 
signals ;  mechanical  specifications ;  standard  contract ;  electric  interlock- 
ing specifications,  and  rubber-covered  wire  specifications. 

Prepare  outline  and  description  of  a  comprehensive  and  systematic 
signal  system,  suitable  for  general  adoption. 

Confer  with  Committee  on  Track  relative  to  switchstands. 

Confer  with  Committee  on  Uniform  Rules  relative  to  General  Rules 
for  Supervisors  of  Signals. 
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XI.  COMMITTEE  ON  RECORDS,  REPORTS  AND  ACCOUNTS. 

Review  and  report  further  on  the  subject  of  Individual  Ledger 
Accounts. 

Review  and  report  further  on  the  .subject  of  a  proper  system  of  right- 
of-way  and  track  maps. 

XII.  COMMITTEE     ON     UNIFORM     RULES,     ORGANIZATION, 

ETC. 

Supplement  "General  Rules  for  Government  of  Employes  of  Main- 
tenance of  Way  Department,"  revising,  if  considered  necessary,  the  rules 
heretofore  adopted,   and   adding  rules   for   Supervisors   of   Signals. 

Confer  with  the  Committee  on  Signaling  relative  to  general  rules 
for  Supervisors  of  Signals. 

Confer  with  the  Committee  on  Iron  and  Steel  Structures  relative 
to  such  changes  or  additions  to  the  "General  Rules  for  the  Government 
of  Employes  of  the  Maintenance  of  Way  Department,"  as  may  be  sug- 
gested by  such  Committee,  in  regard  to  the  maintenance  and  inspection 
of  bridges  and  consider  same  as  far  as  deemed  advisable. 


XIII.     COMMITTEE  ON   WATER   SERVICE. 

Consider  and  report  upon  some  of  the  typical  structures  and 
methods  of  ordinary  water  supply  for  railroads. 

Report  upon  the  use  of  coal  and  gasoline  as  motive  power  for 
pumping  plants,  with  relative  economy  of  each,  under  different  con- 
ditions. 

XIV.      COMMITTEE  ON   YARDS  AND   TERMINALS. 

Continue  the  investigation  into  the  requirements  of  hump  yards, 
including  the  proper  frog  angle  for  ladder  tracks ;  location  of  scales ; 
length  of  grades  and  rates  of  gradient  through  classification  yards ; 
electric  lighting  for  night  service;  best  method  of  operation  with  respect 
to  classifying,  and  the  proportion  of  yard  engines  used  to  one  hump 
engine. 

Continue  the  investigation  of  freight  transfer  houses  and  terminal 
freight  houses  at  large  terminals,  more  particularly  with  reference  -to 
freight-handling  machinery  and  track  layouts ;  arrangement  of  buildings 
and  platforms  and  economical  limit  of  number  of  cars  standing  upon 
parallel   tracks   tlirough    whicti    freight   can   be   trucked. 

XV.      COMMITTEE    ON    IRON    AND    STEEL    STRUCTURES. 

Report  upon  tlic  care  of  existing  bridges,  inspection,  methods  of 
field    work   and   records   of   inspection. 
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Report  upon  the  classification  of  bridges  as  to  safe  carrying  capacity. 

Report  upon  the  protection  of  steel  structures  from  corrosion. 

Continue  investigations  as  to  impact  tests. 

Confer  with  the  Committee  on  Uniform  Rules  relative  to  such 
changes  or  additions  to  the  "General  Rules  for  the  Government  of 
Emploj-es  of  the  Maintenance  of  Way  Department,"  as  may  be  consid- 
ered desirable,  in  connection  with  the  maintenance  and  inspection  of 
bridges. 

XVL      COMMITTEE  OX  ECONOMICS  OF  RAILWAY  LOCATION. 

Continue  the  consideration  of  all  questions  connected  with  railway 
location,  grades,  lines  and  improvement  of  grades  and  lines  affecting 
the  economic  operation  with  relation  to  traffic,  tonnage  ratings,  speed, 
density  of  traffic  and  financial  considerations,  with  the  special  aim  in 
view  of  establishing  uniform  methods  and  unit  values  for  investigating 
and  analyzing  the  relative  changes  and  costs  of  comparative  routes  or 
proposed  grade  reductions  and  line  corrections. 

SPECIAL    COMMITTEE    ON    CLASSIFICATION    OF    TRACK. 

Investigate  and  present  report  on  jany  further  subdivision  or  dis- 
tinctive characteristics  governing  the  classification  of  track  that  the 
Committee  may  consider  pertinent  with  a  view  to  embracing  tracks  used 
for  industrial,  mining  or  logging  purposes  and  minor  branch  lines,  etc. 

SPECIAL    COM"MITTEE    ON    UNIFORM    GENER.A.L    CONTRACT 

FORM. 

Investigate  the  feasibility  of  adopting  uniform  general  contract 
forms  and  present   recommendations  on  the   subject. 
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I.    ROADWAY. 

H.  J.  Slifer,  Consulting   Civil   Engineer^  New   York,  Chairman. 

G.  H.   Bremner,  Engineer  Maintenance  of  Way,   Chicago,  Burlington   & 

Quincy,  Chicago,  111.,   Vice-Chairman. 
John    C.    Beye,    Locating    Engineer,    Kansas    City    Southern    Ry.,    Rus- 

ton,  La. 
D.  J.   Brumley,   Principal  Assistant  Engineer,   Illinois    Central   Railroad, 

Chicago,  111. 
F.  R.   CoATES,   Contracting  Engineer,   Chicago,   111. 

W.  M.  Dawley,  Assistant  Engineer,  Erie  Railroad,  New  York,   N.  Y. 
Paul  Didier,  District  Engineer,   Baltimore  &  Ohio   Railroad,   Allegheny, 

Pa. 

C.  Dougherty,  Assistant  Chief  Engineer,   C,   N.   O.  &  T.   P.  Ry.,   Cin- 

cinnati,  O. 
S.   B.  Fisher,   Chief  Engineer,   Missouri,  Kansas  &  Texas   Railway,    St. 
Louis,  Mo. 

D.  MacPherson,    Assistant    Chief    Engineer,    Transcontinental    Railway, 
Ottawa,   Canada. 

W.  D.  Pence,  Professor  Railway  Engineering,  University  of   Wisconsin, 

Madison,  Wis. 
J.  G.  Sullivan,  Manager  of  Construction,  Can.  Pac.  Ry.,  Toronto,  Can. 
J.    E.    WiLLOUGHBY,    Engineer    of    Construction,    Louisville    &    Nashville 

Railroad,    Louisville,   Ky. 
R.    C.    Young,    Chief    Engineer,    Lake    Superior    &    Ishpeming    Railway, 

Marquette,  Mich. 

Committee. 

II.     BALLASTING. 

John   V.   Hanna,    Chief   Engineer,    Kansas    City    Terminal    Ry.,    Kansas 
City,   Mo.,   Chairman. 

C.  A.  Paquette,  Assistant  Chief  Engineer,  Cleveland,  Cincinnati,  Chicago 
&  St.   Louis  Railway,   Cincinnati,   O.,    Vice-Chairman. 

Willard  Beahan,  Assistant  Engineer,  Lake  Shore  &  Michigan  Southern 
Railway,   Cleveland,   O. 

W.  J.   Bergen,  Chief  Supervisor  of  Tracks,   New   York,    Chicago   &    St. 
Louis  Railway,  Bellevue,  O. 

W.    B.    Causey,    Superintendent,    Chicago    &    Alton    Railway,    Blooming- 
ton,  111. 
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J.  B.  Dickson,  Chief  Engineer  Maintenance  of  Way,  Baltimore  &  Ohio 
Railroad,   Baltimore,    M'd. 

G.  D.  Hicks,  Superintendent,  Nashville,  Chattanooga  &  St.  Louis  Rail- 
way,  Tullahoma,   Tenn. 

Alfred  Jackson,  Resident  Engineer,  Great  Northern  Railway,  St.  Paul. 
Minn. 

B.   C.    M'lLNER,   Contracting   Engineer,   Louisville,   Ky. 

A.  F.  Rust,  Resident  Engineer,  Kansas  City  Southern  Railway,  Kansas 
City,   Mo. 

F.  J.  Stiwson,  Engineer  Maintenance  of  Way,  Grand  Rapids  &  Indiana 

Railway,  Grand  Rapids,  Mich. 

G.  M.  Walker,  Jr.,  Assistant  Engineer,  Kansas  City  Belt  Railway, 
Kansas    City,    Mo. 

Committee. 

III.    TIES. 

E.   B.    Gushing,   General    Superintendent,   Morgan's    Louisiana   &   Texas 

Railroad,  New  Orleans,  La.,  Chairman. 
W.  W.  Curtis,  Consulting  Engineer,  Chicago,   Vice-Chairman. 
E.   G.  Ericson,  Principal  Assistant  Engineer,   Pennsylvania   Lines,   Pitts- 
burg,  Pa. 
E.  O.  Faulkner,  ^lanager.  Tie  &  Timber  Department,  Santa  Fe  Railway 

System,  Topeka,  Kan. 
W.    F.   H.    FiNKE,   Tie    and   Timber   Agent,    Southern    Ry.,    Washington, 

D.    C. 
E.  E.  Hart,  Chief  Engineer,   New  York,   Chicago  &  St.  Louis   Railway, 

Cleveland,   O. 
J.  D.  Isaacs,  Consulting  Engineer,  Harriman  Lines,  Chicago,  111. 
H.   C.   Landon,   Engineer  Maintenance  of  Way,   Buffalo   &   Susquehanna 

Ry.,  Galeton,  Pa. 
A.     S.    More,    Engineer    IMaintenance    of    Way,    Cleveland,     Cincinnati, 

Chicago    &   St.    Louis   Railway,   Wabash,    Ind. 
J.  C.  Nelson,  Eng.  M.  of  Way,  Seaboard  Air  Line,  Portsmouth,  Va. 
Dr.   Hermann   Von    Schrenk,   Consulting  Timber    Engineer,    St.    Louis, 

Mo. 
H.   J.    Simmons,   General    ^lanager.    El    Paso    &    Southwestern    Railway, 

El   Paso,  Texas. 

Comviittee. 

IV.     RAIL. 

William  R.  Webster,  Consulting  and  Inspecting  Engineer,  Philadel- 
phia, Chairman. 

R.  MoNTFORT,  Consulting  Engineer,  Louisville  &  Nashville  Railroad, 
Louisville,    Ky.,    Vice-Chairman. 

F.   E.   Abbott,   Lackawanna    Steel    Company,    Buffalo,    N.    Y. 
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E.   B.    AsHBY,  Engineer  Maintenance   of   Way,   Lehigh   Valley   Railroad, 

South  Bethlehem,   Pa.- 
A.    S.   Baldwin,   Chief  Engineer,  Illinois   Central   Railroad,   Chicago,    111. 

D.  D.  Carothers,  Chief  Engineer,  Baltimore  &  Ohio  Railroad,  Balti- 
more, Md. 

J.   A.    Colby,   Inspecting   Engineer,    Philadelphia,    Pa, 

C.  H.    EwiNG,    Engineer   Maintenance   of   Way,    Philadelphia    &    Reading 

Railway,  Reading,  Pa. 

S.  M.  Felton,  President,  Chicago  &  Alton  Railway,  Chicago,  111. 

J.  F.  Hinckley,  Chief  Engineer,  St.  Louis  &  San  Francisco  Railway, 
St.  Louis,  Mo. 

Robert   W.   Hunt,    Consulting   Engineer,    Chicago,    111. 

J.  W.  Kendrick,  Second  Vice-President,  Santa  Fe  Railway  System,  Chi- 
cago, 111. 

E.  F.   Kenney,   Chemist  and   Engineer  of  Tests,   Pennsylvania   Railroad, 

Philadelphia,    Pa. 
J.  Kruttschnitt,  Director  Maintenance  and  Operation,  Harriman  Lines, 
Chicago,  111. 

D.  W.  LuM,  Chief  Engineer  Maintenance  of  Way,  Southern  Railway, 
Washington,  D.   C. 

F.  H.    McGuigan,    First    Vice-President,    Great    Northern    Railway,    St. 

Paul,   Minn. 

H.  T.  Porter,  Chief  Engineer,  Bessemer  &  Lake  Erie  P».ailroad,  Green- 
ville, Pa. 

J.  T.  Richards,  Chief  Engineer  Maintenance  of  Way,  Pennsylvania 
Railroad,  Philadelphia,   Pa. 

R.  Trimble,  Chief  Engineer  Maintenance  of  Way,  Pennsylvania  Lines, 
N.  W.  System,  Pittsburg,  Pa. 

G.  W.  Vaughan,  Engineer  Maintenance  of  Way,  New  York  Central 
Lines,   New   York,   N.   Y. 

H.  U.  Wallace,  Contracting  Engineer,  Chicago,  111. 

G.  B.  Woodworth,  Rail  Inspector,  Chicago,  Milwaukee  &  St.  Paul  Rail- 
way,   Chicago,    111. 

Committee. 

V.    TRACK. 

L.  S.  Rose,  Signal  Engineer,  Cleveland,  Cincinnati,  Chicago  &  St.  Louis 
Railway,   Cincinnati,  O.,   Chairman. 

T.  H.  HiCKEY,  Roadmaster,  Michigan  Central  Railroad,  St.  Thomas, 
Ont.,  Vice-Chairman. 

Wm.   Ashton,   Chief  Engineer,  Oregon   Short   Line,   Salt   Lake,   Utah. 

R.  K.  Brown,  Engineer  Maintenance  of  Way,  San  Pedro,  Los  Angeles 
&   Salt  Lake   Ry.,    Salt  Lake,    Utah. 

A.  L.  Davis,  Eng.  Dept.,  Illinois   Central  Railroad,  Chicago,  111. 

Garrett  Davis,  Superintendent,  Chicago,  Rock  Island  &  Pacific  Rail- 
way,  Cedar   Rapids,    Iowa. 
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R.  L.  HuxTLEV,  Chief  Engineer,  Union  Pacific  Railroad,  Omaha,  Neb. 
Neb. 

W.  S.  KiNNEAR,  Assistant  General  Manager,  Michigan  Central  Railroad, 
Detroit,  Mich. 

C.  E.  Knickerbocker,  Engineer  Maintenance  of  Way,  New  York,  On- 
tario   &    Western    Railroad,    Middletown,    N.    Y. 

R.  K.  Rochester,  Principal  Assistant  Engineer,  Vandalia  Line,  St. 
Louis,    Mo. 

F.  A.   Smith,   Civil   Engineer,   Chicago,   111. 

Earl  Stimsox,  Engineer  ^Maintenance  of  Way,  Baltimore  &  Ohio  South- 
western  Ry.,   Cincinnati,   O. 

R.  A.  Van  Houten,  Division  Engineer,  Erie  Railroad,  Susquehanna,   Pa. 

A.  A.  Wirth,  Engineer  Maintenance  of  Way,  Pennsylvania  Lines,  Pitts- 
burg,   Pa. 

Committee. 

VL    BUILDINGS. 

O.  P.  Chamberlain,  Chief  Engineer,  Chicago  &  Illinois  Western  Rail- 
road, Chicago,  111.,  Chairman. 

Maurice  Coburn,  Engineer  Maintenance  of  \\'ay,  Vandalia  Line,  Terre 
Haute,  Ind.,  Vicc-Chairman. 

S.  D.  Brady,  Chief  Engineer,  Little  Kanawha  Syndicate,  Parkersburg, 
W^  Va. 

M.  J.  Caples,  General  Manager,  South  &  Western  Ry.,  Johnson  City,  Tenn. 

J.  W.  CowPER,  with  J.  C.  Stewart  Companj',  Pittsburg,  Pa. 

H.  j\I.  Cryder,  Manager,  Carmichael  Company,  St.  Louis,  Mo. 

C.  H.  Fake,  Chief  Engineer,  Mississippi  River  &  Bonne  Terre  Railroad, 
Bonne  Terre,  Mo. 

Wm.  Gr.\ham,  Assistant  Engineer  B.  &  B.,  B  &  O.  R.  R.,  Baltimore,  Md. 

J.  S.  Metcalf,   President,  John   S.   Metcalf  Company,   Chicago,   111. 

A.   G.  Norton,  Resident   Engineer,   Erie   Railroad,    Otisville,    N.    Y. 

W.  H.  Sellew,  Principal  Assistant  Engineer,  Michigan  Central  R.  R., 
Detroit,  Mich. 

L.   D.    Smith,    Southern    Pacific   Company,    Oakland,    Cal. 

C.  H.  Stengel,  Designing  Engineer,  Tidewater  Ry.,  Norfolk,  Va. 

E.  W.  WiGGiN,  Engineer  B.  &  B.,  Missouri  Pacific  Railway,  St.  Louis,  }.Io. 

Committee. 

VII.     WOODEN   BRIDGES   AND   TRESTLES. 

H.    S.    Jacoby,    Professor    of    Bridge    Engineering.    Cornell    University, 

Ithaca,   N.   Y.,   Chairman. 
James   Keys,  Assistant  Engineer,   Union   Pacific  Railroad,   Omaha,   Neb., 

y  ice-Chairman. 

F.  H.  Bainbridge,  Engineer,  Pierre  &  Ft.  Pierre  Bridge  Railway,  Pierre, 

S.  D. 
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A.  L.  Bowman,  Consulting  Engineer,  New  York,  N.  Y. 

R.  D.   Coombs,  Assistant  Engineer,   P.,  N.  Y.   &  L.   I.   R.   R.,   lo  Bridge 

St.,  New  York,  N.   Y. 
F.    T.    Darrow,    Principal    Assistant    Engineer,    Chicago,    Burlington    & 

Quincy  Railway,  Lincoln,  Neb. 
H.   G.   Fleming,   President  and   Chief  Engineer,   Union   Belt   Railway   of 

Memphis,    Memphis,   Tenn. 
Hans    Ibsen^    Bridge    Engineer,    INIichigan     Central    Railroad,     Detroit, 

Mich. 
S.  S.  Roberts^  Assistant  Engineer,  Illinois  Central  Railroad,  Chicago,  111. 
W.    F.    Steffens,    Engineer    Bridges    and    Buildings,    South    &    Western 

Railroad,  Johnson  City,  Tenn. 
I.   O.   Walker,  Assistant  Engineer,   Nashville,   Chattanooga   &   St.   Louis 

Railway,    Paducah,   Ky. 
C.    C.    Wentworth,    Principal    Assistant    Engineer,    Norfolk    &    Western 

Ry.,   Roanoke,    Va. 

B.  A.  Wood,  Resident  Engineer,   Mobile  &  Ohio  Railroad,   Mobile,   Ala. 

Comnnitee. 

VIII.     MASONRY. 

A.  O.  Cunningham,  Chief  Engineer,  Wabash  Railroad,  St.  Louis,  Mo., 
Chairman. 

C.  W.   BoYNTON,  Chief  Inspector,   Universal   Portland  Cement   Company, 

Chicago,    111.,    Vicc-CJiairman. 

W.  B.    Hanlon,   Civil   and   Mining   Engineer,    Cleveland,    O. 

W.  K.  Hatt,  Professor  of  Civil  Engineering,  Purdue  University,  La- 
fayette, Ind. 

Richard  L.  Humphrey,  Consulting  Engineer  and  Chemist,  Philadel- 
phia,   Pa. 

H.  H.  Knowlton,  Engineer,  M.  of  Way,  Cleveland,  Cincinnati,  Chi- 
cago &  St.  Louis  Railway,   Mt.   Carmel,  111. 

C.  H.  Moore,  Engineer  Grade  Crossings,  Erie  R.  R.,  New  York,  N.   Y. 

W.  LI.  Petersen,  Bridge  Engineer,  Chicago,  Rock  Island  &  Pacific  Rail- 
way, Chicago,  111. 

J.   W.   ScHAUB,  Consulting  Engineer,  Chicago,  111. 

F.  B.  ScHEETZ,  Engineer  Bridges,  Missouri  Pacific  Railway,  St.  Louis,  Mo, 

G.  H.   Scribner,  Jr.,   Contracting  Engineer,   Chicago,   111. 

W.  A.   Smith,  Resident  Engineer,  Erie  Railroad,   Belfast,   N.  Y. 

G.    F.    SwAiN,    Professor    of    Civil    Engineering,    Massachusetts    Institute 

of  Technology,  Boston,  Mass. 
G.  H.  Tinker,  Bridge  Engineer,  New  York,  Chicago  &  St.  Louis  Railway, 

Cleveland,  O. 
Job  Tuthill,  Engineer  Bridges  and  Buildings,  Pere  Marquette  Railroad, 

Detroit,    Mich.  Committee. 
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IX.     SIGNS,    FENCES,    CROSSINGS    AND    CATTLE-GUARDS. 

W.  D.  Williams,  Chief  Engineer,  Cincinnati  Northern  Railroad,  Van 
Wert,   O.,  Chairman. 

F.  P.  GuTELius,  Assistant  Chief  Engineer,  Canadian  Pacific  Railway, 
Montreal,   Can.,   Vice-Chairman. 

L.  G.  Curtis,  Division  Engineer,  Baltimore  &  Ohio  Railroad,  Chicago,  111. 
Ole  Davidson,  Division  Engineer,  Chicago  Great  Western  Ry.,   Clarion, 

Iowa. 
A.  E.  DoucET,  District  Engineer,  Transcontinental  Railway,   Quebec,   Can. 
Paul  Hamilton,   Engineer   Maintenance  of  Way,   Cleveland,    Cincinnati, 

Chicago  &   St.   Louis   Railway,   Springfield,   O. 
C.    W.    PiFER,    Roadmaster,    Illinois    Central    Railroad,    Clinton,    111. 
W.  A.   Wallace,  Division  Engineer,   Chicago,  Indianapolis   &  Louisville 

Railroad,  Chicago,  111. 
H.  F.  White^  Engineer  of  Maintenance,  Chicago,  Rock  Island  &  Pacific 

Railway,    Chicago,    111. 

Committee. 

X.     SIGNALING  AND  INTERLOCKING. 

A.  H.  RuDD,  Signal  Engineer,  Pennsylvania  Railroad,  Philadelphia,  Pa., 
CJiairman. 

L.  R.  Clausen,  Signal  Engineer,  Chicago,  Milwaukee  &  St.  Paul  Rail- 
way, West  Milwaukee,  Wis.,   Vice-Chairman. 

AzEL  Ames,  Jr.^  Signal  Engineer,  New  York  Central  &  Hudson  River  Rail- 
road, New  York,  N.  Y. 

C.  C.  Anthony,  Assistant  Signal  Engineer,  Pennsylvania  Railroad,  Phil- 
adelphia, Pa. 

H.  S.  Balliet,  Engineer  Maintenance  of  Way,  Grand  Central  Station 
and  Electric  Division,  New  York  Central  &  Hudson  River  Railroad, 
New  York,   N.  Y. 
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Chief    Engineer,    Halifax    &    Southwestern    Railwav,    Bridgewater, 
N.    S. 

228.    White,  H.  F.   (Signs,  Fences,   Crossings  and  Cattle-Guards), 

Engineer    Maintenance    of    Way,    Chicago,    Rock    Island    &    Pacific 
Railway,  Chicago,  111. 

66.    White,  I.  F., 

Division   Engineer,   Cincinnati,   Hamilton   &   Dayton   Railroad,   Day- 
ton,  O. 

92.     Whittelsey,  T.  F., 

General   Manager,    Seaboard   Air   Line,    Portsmouth,    Va. 

564.     Wickhorst,  M.  H.    (Water  Service), 

Engineer     of     Tests,     Chicago,     Burlington     &     Quincy     Railroad, 
Aurora,    111. 

782.     WiGGiN,  E.   W.    (Buildings), 

Engineer    Bridges    and    Buildings.    Missouri    Pacific    Railway,    St. 
Louis,  Mo. 
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799.    Wilcox,  G.  G., 

Assistant  Engineer  Maintenance  of  Way,   Great  Northern  Rail- 
way,  Willmar,    Minn. 

185.     WiLGUS,   W.   J., 

Vice-President,   New   York  Central  &  Hudson   River  Railroad,  New 
York,    N.    Y. 

104.      WiLLARD,    D., 

Second    Vice-President,    Chicago,    Burlington    &    Quincy    Railroad, 
Chicago,   111. 

271.    Williams,  H.  R., 

President,    Chicago,    Milwaukee    &    St.     Paul    Railway    of    Wash- 
ington, Seattle,  Wash. 

689.     Williams,  S.  N., 

Professor  of  Civil  Engineering,  Cornell  College,  Mt.  Vernon,  la. 

32.     Williams,  W.  D.    (Chairman,  Committee  on  Signs,  Fences,  Cross- 
ings and  Cattle-Guards), 
Chief   Engineer,    Cincinnati    Northern    Railroad,    Van   Wert,    O. 

783.     Willis,  R.  W., 

Engineer,    Missouri    District,    Chicago,    Burlington    &    Quincy    Rail- 
way, St.   Louis,  Mo. 

9.     Wilson,  C.  A.    (Uniform  Rules), 

Chief  Engineer,    Cincinnati,   Hamilton   &  Dayton   Railroad,    Cin- 
cinnati,   O. 

270.    Wilson,  J.  T., 

Assistant   Engineer,   Baltimore   &   Ohio   Railroad,    Baltimore.   Md. 

459.    Wilson,  T.  W., 

General  Manager,  International  Railroad,  Buffalo,  N.  Y. 

610.    WiLLOUGHBY,  J.  E.   (Roadway), 

Engineer    of    Construction.    Louisville    &     Nashville     Railroad, 
Louisville,  Ky. 

474.    WiRTH,  A.  A.    (Track), 

Engineer  Maintenance   of  Way,   Pennsylvania   Lines,   Pittsburg,   Pa. 

555.    Wood,  B.  A.   (Wooden  Bridges  and  Trestles), 

Resident  Engineer,  Mobile  &  Ohio  Railroad,  Mobile,  Ala. 

278.    Woods,  H.  A., 

Assistant    Chief    Engineer,    Grand    Trunk    Pacific    R.iilway,    Mon- 
treal,  Can. 

loi.     Woodward,   E.  K.    (Records,  Reports  and  Accounts), 

Chief   Engineer,   Pere    jNIarquette    Railroad,    Detroit.    Mich. 

619.    WooDLE,  A.   S.,  Jr., 

Baldwin  Locomotive  Works,  Philadelphia,  Pa. 

292.    Woodward,  Roland, 

Consulting  Engineer,  Jacksonville,  F!a. 

200.     WooDWORTH.  G.  B.   (Rail), 

Rail   Inspector,   Chicago,   Milwaukee  &  St.   Paul   Railway,   Chicago, 
111. 

395.     Worcester,  J.  R.  (Iron  and  Steel  Structures), 

Consulting  Engineer,  70  Milk  Street,  Boston,  Mass. 
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704.      WORTHINGTON,    B.    A., 

Vice-President  and  General  Manager,  Wheeling  &  Lake  Erie  Rail- 
road, Wabash-Pittsburg  Terminal  and  West  Side  Belt  Rail- 
road,  Pittsburg,  Pa. 

412.     Wright,   J.   T., 

Vic9-President  and  General  Manager,  Macon,  Dublin  &  Savannah 
Railroad,  Macon,  Ga. 

Y 

456.    Yamaguchi,  Junxosuke, 

Chief  Engineer.    Imperial    Government   Railways,    Toklo,   Japan. 

595.    Young,  R.  C.    (Roadway), 

Chief  Engineer,  Lake  Superior  &  Ishpeming,  Munising  Railway 
and  Marquette  &  Southeastern  Railway,  Marquette,  Mich. 


207.     ZlESING,    A., 

President,  American  Bridge  Company,  Pittsburg,  Pa. 

470.     ZiNCK,   K.  J.   C, 

Assistant  Engineer,  Canadian  Pacific  Railway,  Montreal.  Can. 

614.     ZiNN,  A.    S., 

Engineering    Department,    Isthmian    Canal     Commission,     Culebra, 
Panama,    Canal   Zone. 


HONORARY. 

Shepard^  D.  C, 

Minneapolis,    Minn. 

ASSOCIATES. 

05.     Downs,  E.  L., 

Consulting   Architect    and    Sanitary   Engineer,    733    Postal    Tele- 
graph  Building,    Chicago.    111. 

01.  KuNz,  Frederick  Charles, 

Chief    Engineer,    Bridge    and    Construction    Department,    Penn- 
sylvania  Steel   Company,   Steelton,   Pa. 

02.  RiTTER,  Louis  E., 

Consulting    Civil    Engineer,    1707    Marquette    Building,    Chicago, 
111. 

04.     Sanderson,  Edwin  N., 

Electrical    Engineer    and    Contractor,    52    William    Street,    New 
York,   N.  Y. 

03.  Spepj^y,  Henry  Muhlenberg. 

Resident  Manager,   General   Railway  Signal   Company,   527   Fifth 
Avenue,  New  York,  N.   Y. 


DECEASED    MEMBERS. 


bouscaren,  l.   f.  g. 
Burke,   S.    E. 
Burns,  R.  B. 
Caffrey,  Richard. 
Clark,  J.  M. 
Clarke,  L.  H. 
Carpenter,  C.  A. 
Casey,  D.  J. 
Collins,  E.  M. 
Curtis,  W.  G. 
Draper,  H.  C. 
Fiero,  a.  W. 
Frey,  J.  J. 
Gardner,  G.  W. 
Goode,  J.  V. 
Hall,  Ferdinand. 
Hartigan,  John  G. 
Jordan,   H.  L. 


Kellogg,  E.  A. 
Kidder,  J.  F. 
Kline,  Theo.  D. 
Mahl,  J.  T. 
Morison,   G.   S. 
Murakami,  Kyoichi. 
Myers,  E.  T.  D. 
Norton,  J.  T. 
O'Melveny,  J.  C. 
Parkhurst,  H.  W. 
Quinlan,  G.  a. 
Schmidt,  H.  W. 
Southgate,  R. 
Taylor,  J.  W. 
Torre Y,  A. 
Trueman,   Harmon. 
Wight,  R.  H. 


702 


MEMBERSHIP    AND    MILEAGE    OF    RAILWAYS    REPRESENTED 

IN  THE  AMERICAN  RAILWAY  ENGINEERING  AND 

MAINTENANCE  OF  WAY  ASSOCIATION 


Name  of  Road  and  Membership.                            Members.     Mileage. 
Argentine  Republic  Railway   i 

G.  F.  T.  Dominico,  Buenos  Ayres,   Argentine  Republic. 
Assam-Bengal  Railway  (India)    i 

G.  H.  Ormerod,  Ciiittagong,  India. 
Atlanta,  Birmingham  &  Atlantic  Railway 3  331 

Alex.  Bonnyman,  Atlanta,  Ga. 

M.  O.   Bellingrodt,   Atlanta,  Ga. 

W.  I.  Lee,  Stroud,  Ala. 

Atchison,  Topeka  &  Santa  Fe  Railway  System 12  8,700 

J.  W.  Kendrick,  Chicago,  111. 
James  Dun,   Chicago,   111. 
W.  B.  Storey,  Jr.,  Chicago,  111. 
C.  F.  "W.  Felt,   Galveston,    Texas. 

C.  A.   Morse,   Topeka,   Kan. 

H.  C.  Phillips,  Los  Angeles,   Cal. 

E.  O.  Faulkner,  Topeka,  Kan. 
A.   F.   Robinson,   Chicago,   111. 
J.  M.  Meade,  Topeka,  Kan. 

F.  M.  Bisbee,  La  Junta,   Colo. 
T.  S.  Cafterty,  Topeka,  Kan. 
J.  S.  Goodell,  Cleburne,  Texas. 

Baltimore    &    Ohio    Railroad 31  3,436 

D.  D.  Carothers,  Baltimore,  Md. 
L.  G.  Haas,  Baltimore,  Md. 

J.  B.  Dickscn,  Baltimore,  Md. 
J.  E.  Greiner,  Baltimore,  Md. 
H.  E.   Hale,  Baltimore,  Md. 

E.  G.  Lane,  Pittsburg,  Pa. 

J.  A.  Spielmann,  Wheeling,  "W.  Va. 
A.  M.  Kinsman,  Baltimore,  i\Id. 
Paul  Didier,  Allegheny,   Pa. 
H.  R.   Talcott,   Baltimore,   Md. 
C.   E.  Bryan,  Parkersburg,  W.  Va. 
H.  H.  Temple,  New  Castle,  Pa. 

F.  P.  Patenall,   Baltimore,  Md. 
L.  G.  Curtis,  Chicago,  111. 

S.  A.  Jordan,  Cleveland,  O. 

J.    R.   Leighty,    Cumberland,   Md. 

W.  B.  Redgrave,  St.  George,  S.  I.,  N.  Y. 

L.  P.  Rossiter,  Pittsburg,  Pa. 

W.   C.  Barrett,  Wheeling,  W.  Va. 

J.   T.  Wilson,  Baltimore,  Md. 
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Baltimore    &   Ohio    Railroad — Continued. 

O.  Rickert,  Grafton,  W.  Va. 

L.   C.   James,  Wheeling,  W.  Va. 

J.   B.   Jenkins,   Baltimore,   Md. 

F.  H.  Koppes,  Parkersburg,  W.  Va. 

H.  A.  Lane,  Cincinnati,  O. 

J.   H.    Milburn,    Baltimore,    Md. 

F.  J.  Bachelder,  Winchester,  W.  Va. 

R.  N.  Begien,  Baltimore,  Md. 

A.    G.    Boughner,    Baltimore,    Md. 

P.  A.   Beatty,   Baltimore,   Md. 

A.  M.  Funk,   New  Castle,   Pa. 
Baltimore  &  Ohio  Southwestern  Railroad 4  980 

Earl   Stimson,    Cincinnati,    O. 

L.  F.  Boeh,  Cincinnati.  O. 

M.    L.    Thayer,    Wi^shington,    Ind 

Wm.   Archer,   Cincinnati,   O. 

Bessemer  &  Lake  Erie  Railroad i  195 

H.   T.   Porter,   Greenville,    Pa. 

Bolivia  Railway  (South  America)    2 

Rankin   Johnson,   La  Paz,   Bolivia,    South   America. 
F.   W.   Andros,   La   Paz,   Bolivia,    South   America. 

Boston  &  Albany  Railroad  1  392 

Walter   Shepard,    Bo.ston,   Mass. 
Boston  Elevated  Railway  i  16 

John   Ware,    Boston,    Mass. 
Boston  &  Maine  Railroad  i  2,293 

J.   P.    Snow,   Boston,   Mass. 

Buffalo  &  Susquehanna  Railway  2  334 

H.    Herden,    Galeton,    Pa. 
H.   C.  Landon,  Galeton,   Pa. 

Buffalo,  Rochester  &  Pittsburg  Railway i  442 

J.  M.   Floesch,  Rochester,   N.   Y. 

Cammal  &  Black  Forest  Railroad i 

C.  1>.    McCullough,    Jersey   Shore,    Pa. 

Canadian  Northern  Railway  2  2,946 

H.   F.   Forrest,   Winnipeg,   Man. 
R.   B.    Pratt,   Winnipeg,   Man. 

Canadian  Northern  Ontario  Railway  i  i49 

D.  O.    Lewis,    Toronto,    Ont. 

Canadian    Pacific    Railway 8  9>425 

F.  P.  Gutelius,  Montreal,  Canada. 
J.   G.   Sullivan,   Toronto,    Canada. 
F.   F.   Busteed,   Vancouver,   B.    C. 
J.  E.  Schwitzer,  Winnipeg,  Man. 
W.    A.    James,    Kenora,    Canada. 
J.  W.  Orrock,  Montreal,  Canada. 
A.    L.   Buck,   Winnipeg,    Man. 
K.  J.   C.   Zinck,   Montreal,   Canada. 
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Cananea,  Yaqui  River  &  Pacific  Railway i  40 

Geo.    F.    Syme,    Cananea,    Sonora,    Mexico. 

Cape  Government  Railways  i 

W.    AV.   K.    Sparrow,    Queenstown,    South   Africa. 

Central  Railway  of  Guatemala  i 

D.  B.  Ilodgsdon,  Guatemala  City,  Gnat..  Central  America. 

Central  Railroad  of  New  Jersey 3  591 

M'.  G.  Be.sler,  New  York,  K.  Y. 
J.  O.  Osgood.  Jersey  City.  X.  J. 
G.  F.  Morse,  New  York,  N.  Y. 

Central  \"ermont  Railwa}-   i  536 

J.   M.   Morrison,   St.   Albans,   Vt. 

Chesapeake  &  Ohio  Railway   2  1,627 

H.    Pierce.    Richmond,    W.    \'a. 
C.    AV.    Joiins;,   Ilinton,   'W.   Yi\. 

Chicago  &  Alton  Railway  4  947 

S.   M.   Felton,    Chicago,   111. 
W.    D.    Taylor,    Chicago,   111. 
W.    B.   Causey,    Bloomington,   111. 
C.    S.    Ells,   Roodhouse,  111. 

Chicago  &  Eastern  Illinois  Railroad i  940 

R.   H.   Howard,   Chicago,    III. 

Chicago  &  Illinois  Western  Railroad i  9 

O.    P.    Chamberlain,    Chicago,   111. 

Chicago  &  Northwestern  Railway  7  7.466 

W.   A.  Gardner,   Chicago,  III. 
R.  H.  Aishton,  Chicago,  111. 
G.    M.    Davidson,    Chicago,    111. 

F.  H.   Bainbridge,   Pierre,    S.   D. 
J.   A.    Peabodj-,    Chicago,    111. 

C.  L.  Ransom,  Oraaha,  Xeb. 

W.  E.  Emery,  West  Chicago,  III. 

Chicago  &  Western  Indiana  Railroad .  . .- 1  48 

E.  H.    Lee,    Chicago,    111. 

Chicago,  Burlington  &  Quincy  Railroad 14  8,616 

D.  Willard,    Chicago,   111. 
T.  E.   Calvert,  Chicago,   111. 

W.  L.  Breckinridge,  Chicago,  111. 
C.  H.   Cartlidge,   Chicago,   111. 

G.  H.    Bremner,   Chicago,   111. 
.Tohn   C.    Sesser,    St.    Louis,    Mo. 
M.  H.  Wickhorst,  Aurora,  111. 

A.   W.    Newton,   Chicago,    111. 

F.  T.   Darrow.   Lincoln,   Neb. 

E.  P.  \Veatherly,   St.   Joseph,   Mo. 

F.  M.  Patterson,  Chicago,  111. 
E.    C.   Forbush,    Herrin,    111. 
H.   A.   Butler,    Lincoln,    Neb. 
R.   W.   Willis,    St.   Louis,   Mo. 

Chicago  Great  Western   Railway    i  1,380 

Ole  D.avidson.   Clarion,   la. 


706  MILEAGE    OF    ROADS    AND     MEMBERS. 

Name  of  Road  and  Membership.  Members.     Mileage. 

Chicago,  Indianapolis  &  Louisville  Railway , 2  519 

A.   S.  Kent,  Chicago,  111. 
W.   A.  "Wallace,   Chicago,    111. 

Chicago,  Indiana  &  Southern  Railway i  300 

C.    "W.    Hotchkiss,    Chicago,    111. 

Chicago  Junction  Railway  i  39 

J.    B.    Cox,    Chicago,    III. 

Chicago,  Lake  Shore  &  Eastern  Railway 2  11 

A.  Montzheimer,  Joliet,  111. 
J.  H.  Sabin,  Chicago,  111. 

Chicago,  Milwaukee  &  St.  Paul  Railway 3  7,077 

C.  F.   Loweth,   Chicago,  111. 

G.  B.  Woodworth,  Chicago,  111. 

Li.  R.  Clausen,  "West  Milwaukee,  "Wis. 

Chicago,  Milwaukee  &  St.  Paul  Railway  of  Washington      6 
H.  R.  "Williams,   Seattle,   "Wash. 
E.  J.  Pearson,   Seattle,  "Wash. 
W.  E.  Dauchy,  Missoula,  Montana. 
C.   H.   Byers,   North  Bend,   "Wash. 
G.  A.   Kenrick,   Helena,    Montana. 
"W.  I.  Bassctt,  East  Clallam,  "U'ash. 

Chicago,  Peoria  &  St.  Louis  Railway 2  234 

J.  r.  Ramsey,  St.  Louis,  Mo. 
J.  K.  Howard,  Springfield,  111. 

Chicago,  Rock  Island  &  Pacific  Railway 10  6,367 

J.   B.   Berry,    Chicago,   111. 

H.   F.   "White,    Chicago,    111. 

A.  D.  Page,   Chicago,  111. 

Garrett  Davis,   Cedar  Rapids,   Iowa. 

J.   G.  Bloom,   Topeka,   Kan. 

W.   H.    Davisson,   Topeka,   Kan. 

A.  K.  Shurtleff,  Chicago,  111. 
G.   E.   Ellis,    Chicago,    111. 
W.  H.  Petersen,  Chicago,  III. 
P.  A.  Bivins,  Chicago,  111. 

Chicago,  St.  Paul,  Minneapolis  &  Omaha  Railroad i  1,642 

B.  C.  Blundell,  Eau  Claire,  Wis. 

Chicago  Southern  Railway   2 

E.  H.   Pfafflin,  Chicago,   111. 
P.  R.  Puder,  Chica.70,  111. 

Chicago  Terminal  Transfer  Railroad  2^  84 

J.   N.    Faithorn,    Chicago,    111. 
E.   N.    Layfield,   Chicago,    111. 

Chicago  Union  Transfer  Railway  '. i  98 

M.  B.  Shire,  Chicago,  111. 

Cincinnati  &  Muskingum  Valley  Railroad i  J 49 

Paul   Jones,    Zanesville,    O. 

Cincinnati,  Hamilton  &  Dayton  Railroad 3  977 

C.  A.  "Wilson,    Cincinnati,   O. 
I.   P.   White,   Dayton.    O. 

M.  "V".  Hynes,   Indianapolis,   Ind. 
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Cincinnati  Northern  Railroad  i  209 

W.   D.   Williams,   Van  Wert,   O. 

Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Railway....     10  2,329 

C.   A.   Paquette,    Cincinnati,    O. 
O.  E.  Selby,   Cincinnati,   O. 
H.  Baldwin,  Mattoon,  111. 
C.   S.  Millard,  Indianapolis,  Ind. 
L.    S.    Rose,    Cincinnati,    O. 
Paul   Hamilton,    Springfield,    O. 

A.  S.  More,  Wabash,  Ind. 

R.    H.    Moore,    Anderson,   Ind. 

H.   H.   Knowlton,   Mt.    Carmel,   111. 

Robert  Ferriday,   Indianapolis,   Ind. 

Colorado,  Redstone  &  San  Joaquin  Raifroad i 

Geo.   C.  Millett,  Redstone,  Colo. 

Colorado  &  Southern  Railway i  1,075 

H.  W.  Cowan,  Denver,  Colo. 

Davenport,  Rock  Island  &  Northwestern  Railway 1  47 

C.   E.    Sheriff,   Davenport,   la. 

Delaware  &  Hudson  Railway  i  782 

C.    S.    Sims,   Albany,   X.   T. 

Delaware,  Lackawanna  &  Western  Railroad 2  957 

Lincoln  Bush,  Hoboken,  X.  J. 
G.  J.  Ray,   Scranton,  Pa. 

Denver,   Kansas   &   Gulf  Railroad i  50 

E.  L.  Peckham,  Blackwell,  Okla. 

Detroit  &  j\fackinac  Railroad   i  257 

H.  S.  Waterman,  East  Tawas,  Mich. 

Detroit  River  Tunnel  Company 3 

B.  Douglas,   Detroit,   Mich. 

A.  C.  Everham,  Detroit,  Mich. 
J.  C.  Mock,  Detroit,  Mich. 

Duluth,  Missabe  &  Northern  Railway 2  2^  ^ 

W.  A.  McGonagle,  Duluth,  Minn. 
W.   H.   Hoyt,    Duluth,   Minn. 

Duluth,  South  Shore  &  Atlantic  Railroad i  583 

V.    D.    Simar,   Marquette,   Mich. 

Elgin,  JoHet  &  Eastern  Railway 1  199 

A.   Montzheimer,   Joliet,   111. 

El  Paso  &  Southwestern  Railway  System 2  808 

H.  J.   Simmons,  El  Paso,   Texas. 
J.    L.    Campbell,   El   Paso,   Texas. 

Erie  Railroad   22  2,383 

F.  D.  Underwood,  New  York,   N.  Y. 
'SV.  J.  Harahan,  New  York,  N.  Y. 

J.   C.   Stuart,  New  3"ork,   N.  Y. 
Francis  Lee  Stuart.  New  York,  N.  Y. 
James  Burke,  Cleveland,  O. 
R.   S.  Parsons,  Hornell.  N.   Y. 

C.  H.   Moore,    New  York,   N.   Y. 
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Erie    Railroad — Continued. 

R.  A.  Van  Houten,   Susquehanna,  Pa. 
W.   B.    Taylor,    Buffalo,    N.   Y. 
W.  M.  Dawley,  New  York,  N.  Y. 
W.  A.   Smith,  Belfast,  N.  Y. 
C.    K.   Conard,   Middletown,   N.   Y. 
R.  C.  Falconer,  New  York,  N.  Y. 
A.  G.   Norton,   Otisville,  N.   Y. 
Richard  Mather,   Cuba,  N.  Y. 
Albert   Swartz,   Huntington,  Ind. 
C.  H.   Splitstone,  Olean,  N.  Y.     y 

A.  D.  P.  Janney,  Portageville,  N.  Y. 
C.   H.   Miesse,    Stoutsville,   O. 
L.  E.  Lannan.   Corry,  Pa. 
L.   D.   Crear,  Middletown,   N.   Y. 
J.   T.  Libbey,   Corry,  Pa. 

Esquimault  &  Nanaimo  Railroad 

Joseph  Hunter,  Victoria,  B.  C. 

Ferro-carril  Occidental  de  Guatemala 

J.  B.  Hatch,  EI  Rancho,  Guatemala,  C.  A. 

Fonda,  Johnstown  &  Gloversville  Railroad 

F.  A.  Bagg,  Gloversville,   N.  Y. 

Fort   Worth  &  Denver   City   Railway    

G.  F.   Cotter,   Fort  Worth,   Texas. 

Galveston,    Houston    &    Henderson    Railroad 

C.   S.   Corrigan,  Galveston,   Texas. 

Gila  Valley,  Globe  &  Northern  Railroad 

C.    C.   Mallard,   Tuscon,   Ariz. 

Goderich  &  Guelph   Railway    

P.   Alex.   Peterson,  Goderich,   Ont. 

Grand  Rapids  &  Indiana  Railway 

F.  J.  Stimson,  Grand  Rapids,  Mich. 

Grand  Trunk  Railway 3 

B.  H.    Fitzhugh,    Montreal,    Canada. 
H.  G.   Kelley,  Montreal,   Canada. 

W.  McNab,  Montreal,  Canada. 

Grand  Trunk  Pacific  Railway 2 

H.   A.   Woods,   Montreal,    Canada. 
L.  B.  Merriam,  Winnipeg,  Man. 

Great   Northern   Railway   6 

J.  R.  W.  Davis,  St.  Paul,  Minn. 
Chas.   A.  Dunham,   St.  Paul.  Minn. 
Alfred   .Tackson,    St.   Paul,   IMinn. 

F.  B.   Walker,    Superior,   Wis. 
O.   L.   Holman,   Wilmar,   Minn. 

G.  G.    Wilcox,    AVihnar,    Minn. 

Guantanamo  Railroad    i 

Richard    Brooks,    Guantanamo,    Cuba. 

Halifax  &  Southwestern  Railway i 

L.    H.   Wheaton,    Bridgewater.    N.    S. 
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Harriman   Lines    26        1 1,400 

J.  Kruttschnltt,  Chicago,  111. 
W.  B.   Scott,  Chicago,   111. 
John  D.  Isaacs,  Chicago,  111. 
S.  D.  Pugh,  Chicago,  111. 
Morgan's   Louisiana  &  Texas  Railroad : 
E.  B.   Cushing,  New  Orleans,  La. 

A.  F.  Moursund,  Lafayette,  La. 

Oregon    Short    Line : 

E.  Buckingham,  Salt  Lake  City,  Utah. 
Wm.  Ashton,  Salt  Lake  City,  Utah. 
J.  P.  Congdon,  Pocatello,  Idaho. 

H.  B.  Merriam,   Salt  Lake  City,  Utah. 
L.  L.  Dagron,  Salt  Lake  City,  Utah. 
J.   C.  Gray,  Salt  Lake  City,  Utah. 

B.  F.  Knowlton,  Salt  Lake  City,   Utah. 
A.  Q.  Campbell,  Salt  Lake  City,  Utah. 

Southern    Pacific    Company : 

W.  G.  Van  Aleck,  Houston,  Texas. 
William  Hood,   San   Francisco,   Cal. 
J.  H.  Wallace,   San  Francisco,  Cal. 
R.  Koehler,   Portland,   Ore. 
Thos.  Fitzgerald,  Ogden,  Utah. 
L.  D.   Smith,  Oakland,  Cal. 

Union    Pacific   Railroad : 

R.   L.    Huntley,   Omaha,   Neb. 

A.  D.  Sohermerhorn,  Omaha,  Neb. 

James  Keys,  Omaha,  Neb. 

C.  C.  Post.  Jr.,   Omaha,  N3b. 
W.  A.  Parker,  Omaha,  Neb. 

F.  W.  Ranno,  Green  River,  Wyo. 

Hocking  Valley  Railroad   i  338 

Wm.  Michel,  Columbus,  O. 

Hokkaido-Tanko    Railwaj^    i .  207 

T.  Ohmra,  Iwanizawa,  Japan. 
Hudson  River  Tunnel  i 

J.  W.  Leahy,  Jersey  City,  N.  J. 

Illinois  Central  Railroad    11  4-348 

I.  G.  Rawn,  Chicago,  111. 
L.  C.  Fritch.  Chicago,  111. 
A.   S.  Baldwin,   Chicago,  111. 
H.   R.   Safford,    Chicago,  111. 

D.  J.  Brumley,   Chicago,   111. 
C.  W.  Pifer,  Clinton,  111. 

A.  F.  Blaess,  Louisville,  Ky. 
S.  S.  Roberts,  Chicago,  111. 
A.  L.  Davis,   Chicago,   111. 
M.   H.    Hovey,    Chicago,   111. 
F.  B.  Oren.  Nashville,  Tenn. 

Illinois  Traction  Company  I 

Ralph  McCalman,  Decatur,  111. 

Imperial  Government  Taiwan  Railways   i 

H.  Inagaki,  Taipah,  Formosa,  Japan. 
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International  Railway  of  Buffalo   ' i  355 

T.  "W.  Wilson,  Buffalo,  N.  Y. 
Kansas  City  Belt  Railway  i  17 

G.  M.  Walker,  Jr.,  Kansas  City,  Mo. 
Kansas  City,  Mexico  &  Orient  Railway 3  389 

E.  Dickinson.  Kansas  City,  Mo. 
M.  P.  Paret,  Kansas  City,  Md 
W.  W.  Colpitts,  Kansas  City,   •VIo. 

Kansas  City  Southern  Railway  3  747 

A.  F.  Rust,  Kansas  City,  Mo. 

J.  A.  Lahmer,  Kansas  City,  ytO. 
J.  C.  Beye,  Ruston,  La. 

Kansas  City  Terminal  Railway  i 

John  V.  Hanna,  Kansas  City,  Mo. 
Kettle  Valley  Lines  i  42 

H.  W.  Warrington,   Grand  Forks,   B.    C. 
Lake  Shore  &  Michigan  Southern  Railway 8  1,520 

B.  A.  Handy,  Cleveland,  O. 
Samuel  Rockwell,    Cleveland,    O. 
W.  Beahan,  Cleveland,  O. 

G.  C.  Cleveland,  Cleveland,  O. 
R.  O.  Rote,  Jr.,  Cleveland,  O. 

F.  E.   Bissell,   Cleveland,   O. 

B.  R.   Leffler,   Cleveland,   O. 
J.  C.  L.  Fish,  Corsica,  Pa. 

Lake  Superior  &  Ishpeming,  M'unising,   and   Marquette 

&    Southeastern     Railways i  157 

R.  C.  Young,  Marquette,  Mich. 

Lehigh  Valley  Railroad    3  1,394 

Walter  G.  Berg,  New  York,  N.   Y. 

E.  B.  Ashby,   South  Bethlehem,   P.i. 

F.  E.  Schall,  South  Bethlehem,  Pa. 

Lehigh  &  New  England  Railroad -. i  140 

R.  G.  Kenly,  Pen  Argyl,  Pa. 

Little  Kanawha  Railway i  30 

S.  D.  Brady,  Parkersburg,  W.  Va. 
Long  Island  Railway  2  392 

C.  L.  Acldison,  Long  Island  City.  N.  Y. 
J.  B.  Austin,   Jr.,   Jamaica,   N.  Y. 

Louisiana  &  Arkansas  Railway   i  218 

F.   W.   Green,   Stamps,   Ark. 
Loujsville  &  Nashville  Railroad    4  4,097 

R.  Montfort,  Louisville,  Ky. 

W.  H.   Courtenay,   Louisville,   Ky. 

J.  E.  Willoughby,  Louisville,  Kj\ 

J.   F.   Burns,   Elizabethtown,   Ky. 
M'acon,  Dublin  &  Savannah  Railroad 2  92 

J.  T.  Wright.  Macon,  Ga. 

D.  B.  Dunn,  Macon,  Ga. 

Maine  Central  Railroad I  816 

B.  W.  Guppy,  Portland,  Me. 
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Marinette,    Tomahawk   &    Western    Railroad i  50  ■ 

R.  B.  Tv,-eedj%  Milwaukee,  Wis. 

Mexican    Central    Railwaj- 5  3)403 

E.  E.  Styner,  Mexico,  Mex. 
J.  A.  Naugle,  Mexico,  Mex. 
Lewis  King-man,  Mexico,  Mex. 
Hans  Bentele,  Mexico,  Mex. 
E.  S.  Banlvs,  Guadalajara,  Mex. 

Mexican  Pacific  Railway   i  59 

A.  P.  Herbert,   Colima,  Mex. 

Mexican  Southern  Railway   i  263 

W.  L.  Morkill,  Puebla,  Mex. 

Michigan  Central  Railroad   9  1,731 

W.   S.  Kinnear,  Detroit,  Mich. 
G.  H.  Webb,  Detroit,  Mich. 
R.  D.  Starbuck,  Detroit,  Mich. 
W.  H.  Sellew,  Detroit,  Mich. 
Hans  Ibsen,  Detroit.  Mich. 
T.  H.   Hickey,  St.  Thomas,  Ont. 
C.  C.  Hill,  Niles,  Mich. 

E.  R.  Lewis,  Bay  City,  IMich. 

C.  E.  Dearborn,  St.  Thomas,  Ont. 

Milwaukee  Electric  Railway  &  Light  Company i 

F.  G.  Simmons,  Milwaukee,  Wis. 

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Railway 2  2,244 

E.  Pennington,   Minneapolis,  Minn. 
H.  L.  Laughlin,  Minneapolis,  Minn. 

Alississippi  River  &  Bonne  Terre  Railroad i  55 

C.  H.  Fake,    Bonne  Torre,  Mo. 

Missouri  &  North  Arkansas   Railroad 2  130 

G.  L.    Sands,   St.  Louis,   Mo. 
W.    S.    Dawley,    St.    Louis,    Mo. 

Missouri  Pacific  Railway  System ..'3  f^,2 1 5 

C.  S.   Clarke,  St.  Louis,  Mo. 

A.  W.   Sullivan,   St.   Louis,  Mo. 
J.  W.  Iliggins,  St.  Louis,  Mo. 
M.  L.  Byers,  St.  Louis,  Mo. 

B.  H.  Mann,  St.  Louis,  Mo.    • 

F.  B.  Scheetz,  St.  Louis,  Mo. 

R.  C.  St.  John,  Little  Rock.  Ark. 
A.   C.   Butterworth,   St.  Louis,   Mo. 

E.  "v\^  Wiggin,   St.   Louis,   Mo. 

C.  H.  Miller,  Little  Rock,  Ark. 
Dennis  Sheahan,  Wynne,  Ark. 
J.  S.  Peters,  St.  Louis,  Mo. 

S.  E.  Ross,   Chester,   1111. 

J.  A.  Simmons,  Ferriday,  La. 

W.  R.  McCaslin,  Sasle  Providence,  La. 

D.  O.  McClure,  Kansas  City,  Mo. 
W.  J.  Burton,  Pueblo,   Colo. 

F.  W.  Bettle.  St.  Louis,  Mo. 
W.  C.  Curd,  St.  Louis,  Mo. 
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Missouri    Pacific   Railway — Continued. 
P.  Galvin,  Wynne,  Ark. 
P.  E.   Gentine,   Atchison,   Kan. 

E.  A.   Skinner,  St.  Louis,  Mo. 

T.  IT.  Gault.  Osawatomic,  Kan.  ' 

Missouri  Southern  Railroad   i  66 

P.   R.  AValsh,  Leepcr,   Mo. 

Mobile  &  Ohio  Railroad    i  926 

B.  A.  Wood,   Mobile,   Ala. 

Monongahela  Railroad i  57 

D.  K.   Orr,   Brov,'ns\  ille,   Pa. 

Muskogee    Southern    Railway    i 

H.  S.  Moore,  Muskogee,   I.  T. 
Nashville,  Chattanooga  &  St.  Louis  Railway 4  1,230 

J.  W.  Thomas,  Jr.,  Nashville,  Tonn. 

Hunter  McDonald,  Nashville,   Tenn. 

G.  D.  Hicks,  Tullahoma,  Tenn. 

I.   O.  Walker,   Paducah,  Ky. 

National  Lines  of  Mexico 3  i  •73'0 

J.   M.    Reid,   Mexico.    Mex. 

C.  J.   Carroll,  Durango,  Mex. 

C.  T.  Norton,  Porfirio,  Diaz,  Mex. 

National  Railway  of  Tehuantepec i  208 

John  B.  Body.   Mexico,  Mex. 

National  Transcontinental  Railway    5 

D.  MacPhcrson.  Ottawa,   Canada. 
A.  N.  Molesworth,  Ottawa,  Canada. 

F.  J.  Mcintosh,  Vermillion  Bay,  Ont. 
A.   E.  Doucet,  Quebec,  Canada. 
Gordon  Grant,   Ottawa,   Canada. 

New  Canadian  Company i 

J.  V.  Nimmo,  Pnspebiac,  Que. 

New  Orleans  Terminal  Company i  25 

F.  G.  Jonah,  New  Orleans,  La. 

New  River  Company  i 

P.  W.   Scarborough,  McDonald,  AV.   Va. 

New  York  Central  &  Hudson  River  Railroad 12  3oro 

W.  J.  Wilgus,  New  York,  N.  Y. 

G.  W.  Kittredge,  New  York,   N.  Y. 
G.  W.  Vaughan,  New  York,  N.  Y. 
H.  S.  Balliet,  New  York,  N.  Y. 

C.  E.  Lindsay,  New  York,  N.  Y. 
Azcl  Ames,  Jr.,  New  York,  N.  Y. 
A.  B.  Corthell,  New  York,  N.  Y. 
H.  A.  Lehn,  New  York,  N.  Y. 

G.  A.  Harwood,  New  York,  N.  Y. 
J.  C.  Irwin,  New  Y'ork,  N.  Y. 

D.  O.  Levinson,  New  York,  N.  Y. 
D.  L.  Parker,  New  York,  N.  Y. 
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New  York,  Chicago  &  St.  Louis  Railway 6  513 

A.  W.  Johnston.  Clevelantl,  O. 
E.  E.  Hai-t,  Cleveland,  O. 
A.   J.  Himes,  Cleveland,   O. 
'   G.  H.  Tinker,  Cleveland,  O. 
W.  J.  Bergen,  Bellevue,  O. 
"U'.  P.  Boright,  Conneaut.  O. 

New  York,  Xew  Haven  &  Hartford  Railroad 4  2,003 

E.  H.  McHenry.  New  Haven,  Conn. 
E.  P.  Dawley,  New  Haven,  Conn. 
W.  H.  Moore,  New  Haven,  Conn. 
Wm.  Graham,  New  Haven,  Conn. 

New  York,  Ontario  &  Western  Railroad i  493 

C.  E.   Knickerbocker,  Middletown,  N.   T. 

New  York,  Philadelphia  &  Norfolk  Railroad i  112 

J.   G.   Rodgers,   Cope  Charles,  Va. 

New  Zealand  Government  Railways   3  2,374 

James  Burnett,  "U'ellington.   N.  Z. 

D.  T.  Mcintosh,   Auckland,   N.   Z. 
P.  'W.  MacLean,  Dunedin,   N.  Z. 

Nippon  Railway  of  Japan   i  860 

Sozabura  Sugiura,  Tckio,  Japan. 

Norfolk  &  Southern  Railroad  i  408 

P.  L.  Nicholson,   Norfolk,  Va. 

Norfolk  &  Western  Railway 2  1,862 

Chas.  S.  Churchill,  Roanoke.  Va. 
C.    C.    Wentworth,    Roanoke,   Va. 

North  &  South  Texas  Railway i 

P.   A.   McCarthy,    Lufkin,   Texas. 

Northern    Pacific    Railway 2  5.386 

H.  Elliott,  St.  Paul,  Minn. 
"W.  L.  Darling,  St.  Paul,  Minn. 

Oregon  &  Washington  Railroad 1 

J.   H.   Abbott,   Portland,   Ore. 

Pacific    Electric    Railway    i 

A.   D.    Schindler,    Oakland,    Cal. 

Penns3-lvania  Lines  West  of  Pittsburg 7  2,828 

Thomas  Rodd,   Pittsburg,    Pa. 
"W.   C.  Gushing,   Pittsburg,   Pa. 
Robert  Trimble,  Pittsburg,  Pa. 

E.  G.   Ericksop.    Pittsburg,    Pa. 
A.   A.   Wirth,   Pittsburg,   Pa. 

R.    C.   Barnard,   Cincinnati,   O. 
Frank  Rhea,  Logansport,  Ind. 

Pennsylvania  Railroad  6  5,242 

J.   T.   Richards,  Philadelphia,  Pa. 
R.  Bell.  BufEalo,  N.  T. 
E.  F.   Kenney,  Philadelphia.  Pa. 
A.  H.  Rudd,  Philadelphia,  Pa. 
C.    C.   Anthony,   Philadelphia.    Pa. 
W.  S.  Thompson,  Simbury,  Pa. 
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Pennsylvania,  New  York  &  Long  Island  Railroad i 

R.  D.  Coombs,  10  Bridge  Street,  New  Yorli,  N.  Y. 

Peoria  &  Eastern  Railway  i  350 

M.  A.   Neville,   Indianapolis,   Ind. 

Peoria  &  Pekin  Union  Railroad i  18 

Curtiss  Millard,   Pecria,   I'.l. 

Pere  Marquette  Railroad  2  2,143 

E.  K.  Woodward,  Detroit,  Mich. 
Job  Tuthill,  Detroit,  Mich. 

Philadelphia  &  Reading  Railway 4  i,477 

William   Hunger,    Philadelphia,    Pa. 
C.    H.    Ewing,    Reading-,    Pa. 
P.  S.  Stevens,  Reading,  Pa. 
J.    E.    Turk,    Tamaqua,    Pa. 

Philadelphia  Elevated  Railroad  &  Subway i 

Charles  M.   Mills,   Philadelphia,   P-i. 

Philippine  Railways   2 

W.  B.  Poland,  Manila,  P.  I. 
L.   F.    Goodale,   Manila,   P.   I. 

Pittsburg  &  Lake  Erie  Railroad. 4  189 

J.  A.  Atwood,  Pittsburg,  Pa. 
A.   R.   Raymer,    Pittsburg,   Pa. 
Edwin   F.   Wendt,   Pittsburg,    Pa. 

E.  W.   Boots,   McKeesport,   Pa. 

Quebec,  Montreal  &  Southern  Railway i  144 

F.  D.  Anthony,  Montreal,  Canada. 

Queen  &  Crescent  Route  5  i J35 

Horace  Baker,   Cincinnati,   O. 
C.   C.   Harvey,  New  Orleans,  La. 
E.   Ford,  Vicksburg,   Miss. 
C.   Dougherty,    Cincinnati,   O. 
J.   C.   Haugh,    New  Orleans,    La. 

Rio  Grande,  Sierra  Madre  &  Pacific  Railway i  159 

J.  P.  Hallihan,   El  Paso,  Texas. 

Rutland  Railroad i  415 

G.  L.   Moore,   Rutland,   Vt. 

St.  Louis  &  San  Francisco  Railroad 4  4,639 

J.  F.  Hinckley,   St.   Louis,   Mo. 
C.  D.  Purdon,  St.  Louis,  Mo. 
V.   K.  Hendricks,   St.  Louis,  Mo. 
A.   L.   Phillips,    Shawnee,   Okla. 

San  Antonio  &  Aransas   Pass   Railway i  724 

John  S.  Peter,  Yoakum,  Texas. 

San  Pedro,  Los  Angeles  &  Salt  Lake  Railroad i  939 

R.    K.    Brown,   Salt   Lake  City,    Utah. 

Santa  Fe,  Prescott  &  Phoenix  Railroad i  433 

W.  A.  Drake,  Prescott,  Ariz. 

Sanyo  Railway  of  Japan  -. 1  370 

J.   Y'amaguchi,   Kobe,   Japan. 
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Seaboard  Air  Line  4  2,882 

W.  A.  Garrett,  Norfolk,  Va. 

T.    P.   "Whittelsey,    Portsmouth,   Va. 

J.   C.   Nelson,   Norfolk,   Va. 

H.  M.  Waite,  Birmingham,  Ala. 

Seoul-Fusan  Railway  of  Japan i 

J.  Inagaki,  Pusan,  Korea. 

Southern  Lidiana  Railroad    i  197 

J.  P.   Cassell,    Terre  Haute,   Ind. 

Southern  Railway  5  6,787 

C.  H.  Ackert,  "Washington.  D.  C. 

D.  W.  Lum,  Washington,  D.  C. 
W.  F.  H.  Finke,  Washington,  D.  C. 
C.   C.   Coffee,  Princeton,  Ind. 
Edward  Gray,  St.  Louis,  Mo. 

South  &  Western  Railroad 2  68 

M.  J.  Caples,  Johnson  City,  Tenn. 

W.   P.    Steffcns,   Johnson  City,   Tenn. 

South  Side  Elevated  Railroad  of  Chicago i  18 

C.  V.  Weston,  Chicago,  111. 

Spokane  International  Railroad  i  140 

!3.    G    Taber,    Spokane,    Wash. 

Susquehanna  &  New  York  Railway i  103 

C.  A.  Derr,  Williamsport,  Pa. 

Taschko-Kent    Railway    i 

Theo.   Schidlovsky,   Orenbourg,  Russia. 

Temiskaming  &   Northern   Ontario   Railway i  138 

G.   A.  McCarthy,    North  Bay,   Ont. 

Terminal  Railroad  Association   of   St.   Louis i  4 

H.  J.  Pfeifer,  St.  Louis,  Mo. 

Texas    Midland    Railroad    i  iii 

L.  W.  Wells,  Terrell,  Texas. 

Tidewater    Railway    3  60 

H.  Fernstrom,  Norfolk,  Va. 

B.  T.  Elmore,   Norfolk,   Va. 

C.  H.   Stengel,   Norfolk,   Va. 

Uintah   Railroad    i  55 

M.  'W.   Cooley,  Mack,   Colo. 

Union    Belt   Railroad    of    Memphis i  22 

H.   G.    Fleming,    Memphis,    Tenn. 

Union    Railroad    of    Pittsburg i  30 

E.  J.  Randall,  Port  Perry,  Pa. 

Union  Stock  Yards  &  Railroad  Company I  50 

W.    S.    King,    South   Omaha,    Neb. 

Vandalia    Line     3  807 

P.    T.   Hatch,    St.   Louis,   Mo. 
R.  K.  Rochester,  St.  Louis,  Mo. 
Maurice  Coburn,   Terre  Haute,  Ind. 
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Vera  Cruz  &  Pacific  Railway i  265 

"W.  A.  Hill,  "Vera  Cruz,  Mex. 

Victorian    State    Railways    of    Australia i  3, 113 

Thomas  Tait,   Melbourne,  Australia. 

Wabash  Railroad    4  2,045 

F.  A.  Delano,   Chicago,  111. 

A.  O.  Cunningham,  St.  Louis,  Mo. 
•T.   E.   Taussig,   St.   Louis,  Mo. 

W.  W.   Greenland,   Moberly,  Mo. 

Wabash- Pittsburg  Terminal  Railway  3  30 

F.  A.  Delano,  Chicago,  111. 

B.  A.  Worthington,  Pittsburg,  Pa. 
H.   T.   Douglas,   Jr.,   Pittsburg,    Pa. 

Wellington  &  Manawatu  Railway  i  84 

James  Marchbanks,  Wellington,  N.  Z. 
Western    Pacific    Railway    3 

V.    G.   Bogue,    San   Francisco,    Cal. 

A.   W.    Buel,    New  York,    N.   Y. 

A.  C.  Dennis,  San  Francisco,  Cal. 

Western  Railways  of  Australia  i  1,605 

Thomas  Watson,  Coolgardie,  W.  Australia. 
Wheeling  &  Lake  Erie  Railroad 3  442 

F.  A.  Delano,  Chicago,  111. 

B.  A.  Worthington,  Pittsburg,   Pa. 
H.  T.  Douglas,  Jr.,  Pittsburg,  Fa. 

Wisconsin  &  Michigan  Railroad i  123 

B.  C.    Gowcn,   Peshtigo,   Wis. 

Wisconsin  Central  Railway  i  962 

C.  N.   Kalk,   iVIilwaukee,  Wis. 

Miscellaneous    142 


Total    627       I95>587 
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On  L^niform  Rules,  34,  35. 
Baldwin,   Hadle}-,  discussion  on   Signaling  and   Interlocking,  96. 
Ballasting,   report  on,  41-59. 

Amendments,  46. 

Appendices : 

(A)  Bibliography,   47-51. 

(B)  Study    of    Stresses   Existing  in   Track    Superstructure,    and. 
Rational   Design   Based   Thereon,   52-59. 

Ballast   Cross-Sections,  44,  45. 

Conclusions,  46. 

Discussion,   60-67. 

Introductory,    41-43. 
Begien,  R.   N.,  discussion  on   Records,   Reports   and   Accounts.    135-137, 
Berg,  Walter  G.,   discussion : 

On   Buildings,  286,  288,  293,   294,  295,  296. 

On  INIasonry,  634. 

On  Records,  Reports  and  Accounts,   130,  131,  132,   133,   135. 

On  Roadway,  350. 

On  Signaling  and   Interlocking,   90,   98,    104. 

71!) 
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Berg,   Walter  G. — Continued. 

On  Signs,   Fences,   Crossings   and    Cattlc-Gnards,   532,    533. 

On  Ties,  5_i2,  515,  516,  517,  518,  520.  521. 

On  Track,  600. 

On  Uniform  Rules,  36,  39,  40. 

On  Water  Service,  618,  620,  622. 

On  Wooden    Bridges   and   Trestles.   446,   447,   448,   449,  450,   451,   453, 

454,  455,  457- 
Berry,   J.    B.,    discussion    on    Economics    of    Railway    Location,    248,    250. 

251,  252,  254. 
Besler,   W.    G.,   election   of,   as   Director,    17. 

Breckinridge,  W.  L.,  discussion  on  Economics  of  Railway   Location,   252. 
Bremner,   G.   H.,  discussion : 

On  Buildings,  283,  285,  286. 

On  Roadway,  343,  344,  345,  346,  347,  348,  349,  350. 

On  Tics,  520. 

On  Track,   586,  587,   588,   590,   595,   596,   599. 

On  Water  Service,  620. 
Bridges,  classification   of  existing,  361-368. 

Maintenance  of  existing  metal,  369-386. 

Wooden,  report  on,  393-441. 
Buildings,  report  on,  255-278. 

Coaling  from  Cars,  258-268. 

Conclusions,  268,  269. 

Current   Practice   and   Design   for  Locomotive   Coaling   Stations,   256- 
268. 

Description   of  Locomotive    Coaling   Plants,  258. 

Discussion,  279-296. 

General  Information,  267,  268. 

Illustrations  of  Various  Types  of  Coaling  Stations,  271-27S. 

Review    of    Current    Practice    of    Placing    Sheds    over    Freight    Car 
Repair  Tracks,  with  Results,  269,  270. 

Summary  of  Committee   Reports,  255,  256. 
Bush,  Lincoln,  discussion : 

On  Ballasting,  61. 

On  Iron  and  Steel  Structures,  389. 

On  Signaling  and  Interlocking,  96. 
Business  meeting,  7-19. 

Byers,   M.   L.,    discussion   on   Economics   of   Railway    Location,    248,    249,- 
253.  254- 

c 

Camp,  W.  j\I.,  discussion : 

On  Ties,'  513,  514,  520. 

On  Track,   586,  587,  588,   589,  590,  591.  592.   593,   595,   597,   598,    599. 
i  600. 

On  Coniform   Rules,   37. 
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Campbell,  J.  L.,  discussion  on  Water   Service,  623,  624. 
Cartlidge,  C.  H.,  discussion : 

On  Iron  and  Steel  Structures,  389. 

On  Uniform  Rules,  32. 
Carothers,  D.  D.,  discussion : 

On  Buildings,  286,  288,  290,  291,  292,  294. 

On  Economics  of  Railway  Location,  247,  250,  251. 
Cementing  Gravel,  cross-section  for,  45. 
Chamberlain,  O.   P.,  discussion : 

On  Buildings,  283,  284,  291,  292,  293. 

On  Records,  Reports  and  Accounts,  130,   131,   133. 
Chanute,    O.,    discussion    on    Comparative    Value    of    Cross-Ties    of    Dif- 
ferent Materials,  488-490. 
Clausen,  L.  R.,  discussion : 

On  Signaling  and   Interlocking,   91,   92,  94,   104. 

On  Track,  584,  585,  596. 
Cla\-,  an  unrecorded  property  of,  572-583. 
Coaling  plants,  locomotive,  256-268. 
Coburn,   Maurice,   discussion   on.    Buildings,   279,   280,   285,   287,   288,   289, 

292,  293. 
Committee-work   for   1907-1908,   652-657. 
Concrete  Ties,  461-468. 
Constitution,  641-648. 
Conventional  Signs,  112,  113,  121-125. 
Coombs,   R.   D.,   discussion   on    Wooden   Bridges,  and   Trestles,  442,  444, 

447,  448,  450. 
Crawford,  C.  G.,  discussion  on  Ties,  521-523. 
Creosote,    causes    underlying    the    limited    production    of    in    the    United 

States,  496,  497. 
Crossings,  highway  and  private  road  grade,  527. 

Signals  and  gates  at,  527. 
Culverts,   requisite   waterway   for   railroad,  314-323. 
Cunningham,  A.  O.,  discussion  on  Masonry,  634. 
Curtis,  L.  G.,  discussion : 

On  Track,  597,  599. 

On  Signaling  and  Interlocking,  96. 
Curtis,  W.  W.,  discussion  on  Ties,  491-495,  508,  509,  510,   511,  512,  513, 

514,  5i7>  S18,  520. 
Gushing,  W.  C,  discussion : 

On  Ballasting,  61,  62,  64,  65,  67. 

On  Comparative  Value  of  Cross-Ties  of  Different  Materials,  482-487. 

On  Records,  Reports  and  Accounts,  131,  132,  134,  135. 

On  Signaling  and  Interlocking,  91,  93,  95,  96,  97,  98,  99,   100,   102. 

On  Uniform  Rules,  30. 
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D 

Davidson,  01c,  discussion ; 

On  Uniform  Rules,  35,  36. 

On  Wooden  Bridges  and  Trestles,  457. 
Davvlej',  W.  M.,  discussion  on  Drainage  of  Soft   Spots  in   Old  Roadbed, 

541-554- 
Dawley,  W.  S.,  re-election  of,  as  Treasurer,  17. 
Deceased  members,  702. 

Drainage  of  Soft   Spots  in  Old   Roadbed,  541-554. 
Dunham.   C.   A.,   discussion  on   Signaling  and   Interlocking,  96. 


E 

Economics  of  Railwa.v  Location,  report  on,  143-243. 

Comparison  of  Train   Resistance  Formulas,   162-242. 

Conclusions,  242,  243. 

Condensed    Table   of     Train    Resistance    Formulas    and    Experiments, 
176. 

Discussion,  244-254. 

Historical  Review,   150-162. 

Introductor}-,    143-149. 

Train  Resistance,   150-242. 
Embankments,  shrinkage  allowance   in.  307,   308. 
Ewing,  C.   H.,  discussion : 

On  Ballasting,  60. 

On  Economics  of  Railway  Location,  246,  249,  250. 

On  Iron  and  Steel  Structures,  389,  391. 

On  Roadway,  349. 

On  Signaling  and  Interlocking,  91,  94,  95,  97,   101.   102. 

On  Ties,  511.   512,  514. 

On  Track,  585,  586,  587,  590,  595,  596,  598,  599. 

On  Uniform  Rules,  28,  zi- 


Facing   Point   Switch,  proposed   switchstand   for,   538. 
Faulkner,  E.  O..  discussion  on  Ties,  518,  519. 
Fisher,  S.  B.,  discussion  on  Economics  of  Railway  Location,  251. 
Floesch,  J.  M.,  discussion  : 

On  Ballasting,  62. 

On  Iron  and  Steel   Structures,  389. 
Freight   Car   repair   tracks,   current   practice    in    placing   sheds    over,   269, 

270. 
Fritch,  E.  H.,   re-election  of,  as   Secretary,   17. 
Fritch,  L,   C,  election   of,  as  Director,    17. 
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G 

Gates  for  right-of-way   fences,  526. 

Gravel,  Cinders,  and  Chats,  cross-section  for,  44,  45. 

Greiner,  J.  E.,  discussion : 

On  Buildings,  283.  284,  286,  287,  290.  291.  293,  294. 

On  Roadway,  345. 

H 

Hanna,  John  V.,   discussion : 

On  Ballasting,  60,  61,  62,  63,  64,  65,  67. 

On  Signaling  and  Interlocking,  100. 

On  Uniform  Rules,  34,  38,  39. 
Hatt,  W.  K.,  discussion  on  Wooden   Bridges  and  Trestles,  448,  453,  455. 

Results   of   Recent   Work   of   Timber   Tests   by    the    Forest    Service, 

417-437  ■■ 
Hickoy.    T.    H.,    discussion   on    Track,    584.    586,    591,    594,    595,    596,    597, 
598,  599,  600. 

I 

Inspection  of  Bridges,  369-374. 

Reports,  374-386. 
Interlocking   (see  under  Signaling). 
Iron  and   Steel   Structures,   report  on,   351-386. 
Appendices : 

(A)     On   Suggested   Change   in   Grade  of  Structural   Steel,   353- 

360. 
(  B)     On  Classification  of  Existing  Bridges,  361-368. 
(C)     On  Maintenance  of  Existing  Metal    Bridges,  369-386. 
Discussion,  387-392. 
Introductory,   351,   352. 


Jackson,  Alfred,  discussion   on   Buildings,  283. 

Jacoby,    H.    S.,    discussion    on   Wooden    Bridges    and    Trestles,    442,    445, 

446,  447,  449,  450,  452,  454,   455.  457,  458. 
Jenkins,  J.  B.,  discussion : 

On  Uniform  Rules,  37,  38. 

On  Wooden  Bridges  and  Trestles,  449. 
Johnston,  A.  W.,  discussion : 

On  Signs,  Fences,  Crossings  and  Cattle-Guards,  532. 

On  Ties,  516,  520,  521. 

On  Track,  589,   590. 

On  Water  Service,  620. 

Election  of,  as  President,  16. 

Remarks  of,   17. 
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K 

Kelley,  Howard  G.    (see  also  under  President),  discussion: 

On  Buildings,  279,  280,  281,  294. 

On  Economics  of  Railway  Location,  246,  247,  248,  253. 

On  Wooden  Bridges  and  Trestles,  443,  449,  455,  456,  457. 

Address  of,  as  President,  7-10. 

Remarks  of,  18,  19. 

Vote  of  thanks  to,   18. 
Kittredge,  George  W.,  discussion : 

On  Track,  587,  588,  591,  595,  596,  597,  600. 
Knickerbocker,  C.  E.,  discussion : 

On  Ballasting,  61. 

On  Track,  594,  597,  598. 

L 

Loweth,  C.  F.,  discussion : 

On  Iron  and  Steel  Structures,  389. 

On  Wooden  Bridges  and  Trestles,  450,  455,  457. 
Luni,  D.  W.,  discussion : 

On  Buildings,  282,  287,  288,  291,  294,  295. 

On  Iron  and  Steel  Structures,  388. 

On  Roadway,  344,  346. 

On  Ties,  509,  510,  513,  514,  515,  519,  520. 

On  Uniform  Rules,  29,  3S>  34- 

On  Wooden   Bridges   and  Trestles,  443,  444,  445,  446,  447. 

M 

McDonald,   Hunter,  discussion : 

On  Ballasting,  60,  64,  66,  67. 

On  Buildings,  287,  288,  290,  294,  295. 

On  Records,  Reports  and  Accounts,  127. 

On  Signs,   Fences,   Crossings  arid   Cattle-Guards,   532. 

On  Ties,  521. 

On  Track,  588,  591,  598,  600. 

On  Uniform  Rules,  31,  32,  35,  36,  37,  38. 

On  Wooden  Bridges  and  Trestles,  446,  448,  451,  457. 
McNab,  W.,   election  of,   as   Vice-President,    16. 
MacPherson,  Duncan,  discussion : 

On  Wooden  Bridges  and  Trestles,  442,  446,  447,  451. 

On  Ballasting,  62,  63,  65. 

On  Economics  of  Railway  Location,  252. 

On  Uniform  Rules,  31,  37. 
Maintenance  of  Way  Department   Organization,  24. 
Masonry,  report  on,  625-633. 

Discussion,  634. 

Specifications  for  Stone  Masonry,  627-633. 
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Membership,  669-701. 

Methods  of  handling  steam  shovel  work,  302,  307. 
Mileage  and  membership  of  roads   represented,  703-716. 
Montzheimer,  A.,  discussion : 

On  Ballasting,  67. 

On  Records,  Reports  and  Accounts,  133. 

On  Roadway,  347. 

On  Wooden  Bridges  and  Trestles,  442,  446. 
Mountain,    G.    A.,    discussion    on    Signs.    Fences,    Crossings    and    Cattle- 
Guards,  532. 

N 

Newton,  A.  W.,  discussion  on   Track,   595,  596. 

o 

Officers,   Past  and   Present,  637-640. 
Organization  of  Committees,  658-667. 


Page,  A.  D.,  discussion  on  Buildings,  284. 
Parsons,  G.  W.,  discussion  on  Track,  589. 
Past  and  Present  Officers,  637-640. 
Pence,   VV.   D.,   discussion : 

On  Buildings,  280. 

On  Records,  Reports  and  Accounts,   134. 

On  Roadway,  350. 

On  Signaling  and   Interlocking,   104. 

On  Wooden  Bridges  and  Trestles,  450. 
Peter,  John  S.,  discussion  on  Iron  and  Steel  Structures,  389. 
Pfeifer,  H.  J.,  discussion  on  Track,  593. 
Porter,  H.  T.,  discussion : 

On  Ties,  511. 

On  Wooden  Bridges  and  Trestles,  443,  447. 
Posts,  right-of-way  fence,  526. 
Preservation,  specifications  for,  476-480. 

Notes  on,  491-495. 
President,  annual  address  of,   7-10. 
Purdon,   C.  D.,  discussion  on  Iron  and   Steel   Structures,   389. 

R 

Ransom,   C.   L.,  discussion  on  Records.  Reports  and  Accounts,   137,    138. 
Raymer,  A.  R.,  discussion: 

On  Buildings,  279,  285,  286,  287,  290,  292,  293,  295. 

On  Signaling  and   Interlocking,  91,  98. 

On  Water  Service,  619,  620,  621. 
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I 

Records,   Reports  and  Accounts,   report  on,  105-125.  ' 

Brief  Review  of  Reports  from   1900-1906,  105-107. 

Brief  Review  of  Report   for  1906,  107-109.  .       ] 

Conclusions,    114.  '       : 

Conventional  Signs,  112,  113,  121-125.  \ 

Discussion,   126-141.  '. 

General  Purpose  of  Report  of  1907,  109.  , 

Recommended  Forms,   1 16-120.  , 

Statement  of  Committee   Meetings,    105. 
System  and  Forms  for  Estimates  and  Authority   for  Work,   109-112. 

Reports :  ; 

On  Ballasting,   41-59. 
On  Buildings,  255-278. 

On  Economics  of  Railway  Location,  143-243  i 

On  Iron  and  Steel  Structures,  351-386.  .| 

On  Masonry,  625-633.  j 

On  Records,  Reports  and  Accounts,  105-125.  1 

On  Roadway,  297-313.  '  I 

On  Signaling  and  Interlocking,  69-85.  1 

On  Signs,    Fences,    Crossings    and    Cattle-Guards,    525-528. 
On  Ties,  459-481.  I 

On  Track,  535-540.  | 

On  Uniform  Rules,  23-27.  ; 

On  Water   Service,  601-617.  >  : 

On  Wooden  Bridges  and   Trestles,  393-441. 
Of  Secretary  and  Treasurer,   11. 

Reid,  R.  H.,  discussion  on  Wooden   Bridges  and  Trestles,  443,  444,  445,  j 

446,  447,  448,  449,  450.  j 

Rhea,  Frank,  discussion :  j 

On  Ballasting,  66.  ' 

On  Buildings,  293. 
On  Signaling  and  Interlocking,  92,  93,  94,  97,  98,  99,  102,   103,   104. 

Roadway,  report  on,  297-313. 

Allowance    for   Shrinkage   in   Embankments,   307,   308.  ; 

Appendices :  i 

Requisite  Waterway  for  Railroad  Culverts,  314-323.  j 

Cost  of  Steam  Shovel  Work,  324-342.  j 

Conclusions,  313.  j 

Discussion,  343-350-  j 

General    Specifications    for    a    Modern    Steam    Shovel    for    Roadway  j 

Construction,  298-308.  \ 

Introductory,  297.  1 

Methods  of  Handling  Steam  Shovel  Work,  302-307.  i 

Recommended  Forms  Showing  Results  of  Steam  Shovel  Work,  30(,-  I 

311.  ! 

Rock,  cross-section   for   crushed,   44,   45.  ' 
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Rudd.  A.   H..  d'scussion  on  Signaling  and  Interlocking,  go,  91,  93,  95,  96, 

97;  98,  99,   100,  102. 
Rules  for  preparation  of  committee  reports, 

For  the   Government  of  Employes   of   the   Maintenance  of   Way   De- 
partment, 24-26. 
For  the   publication   and   consideration   of   committee    reports. 


Safford,  H.  R.,  discussion  on  Track,  586,  587,  594. 

Schaub,  J.  W.,  discussion  on  Iron  and  Steel  Structures,  391,  392. 

Selb}-,  O.  E.,  discussion : 

On  Buildings,  292,  294. 

On  Roadwa.v,  345. 

On   Study  of  Stresses  existing  in  Track  Superstructure  and  Rational 
Design  based  thereon,  52-59. 

On  Track,  598. 

On  Water   Service,  620. 

On   Wooden   Bridges  and   Trestles,  442.  443,  444. 
Scsser,  John  C,  discussion : 

On   Cost  of  Steam  Shovel  \\'ork,  324-342. 

On  Records,  Reports  and  Accounts,  138-141. 
Slag,  cross-section  for,  44,  45. 
Slides,  curing  of,  555-571- 

Short,  W.  A.  D.,  discussion  on  Signaling  and  Interlocking,  94,  95,  96. 
Shurtleff,  A.  K.,  discussion : 

On  Track,  593,  594,  596. 

On  Water  Service,  618,  619,  620,  621,  622. 

On  Wooden  Bridges  and  Trestles,  448. 
Signaling  and  Interlocking,  report  on,  69-85. 

Conclusions,  84. 

Discussion,  90-104. 

General  Tj^pes  of  Signals.  86-89. 

Introductory,   69-72. 

Standard  Specifications  for  Mechanical  Interlocking  and  Material  for 
Construction  Work,  73-84. 

Temperature  Diagram,  "jj. 
Signs,   Fences,  Crossings   and   Cnttle-Guards,   report  on,   525-528. 

Conclusions,  528. 

Discussion,  532,  533. 

Gates   for  Right-of-Way    Fences,   526. 

Highway  and   Private   Road   Grade   Crossings,   527. 

Introductory,  525,  526. 

Metal  and  Wood  Track   Signs,    527. 

Right-of-Way  Fence  Posts,  526. 

Signals  and  Gates  at  Highway  Crossings,   527. 

Typical  Gates  for  Right-of-Way  Fences  and   Crossings,   529-531. 
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Snow,  J.  P.,  discussion  : 

On  Buildings,  280,  282,  291,  292. 

On   Iron  and   Steel    Structures,   387,   388,   390. 

On  Uniform  Rules,  30,  31. 

On  Wooden  Bridges  and  Trestles,  448,  449,  457. 
Specifications : 

For    Mechanical    Interlocking   and    Material    for    Construction    Work, 

73-84. 
For  Modern  Steam   Shovel   for   Roadway    Construction,   298-308. 

For  Tie  Treatment,  476-480. 

For  Workmanship   for   Pile   and   Frame   Trestles   to   be   Built    Under 
Contract,  398-400. 
Steam   Shovel,  specifications  for,  298-308. 

Cost  of  steam  shovel  work,  324-342. 

Forms   for  showing  cost  of  work,   309-311. 
Steel,  structural,  on  suggested  change   in  grade   of,   353-360. 
Steflfens,   W.   F.,   discussion : 

On  Buildings,  293,  294. 

On  Resolution  of  thanks  to  Committee  of  Arrangements,   19. 
Stevens,  Thos.   S.,   discussion   on    Signaling  and   Interlocking,   96. 
Stimson,  F.  J.,  discussion  on  Buildings,  289,  290. 
Storey,  W.   B.,  Jr.,  discussion : 

On   Buildings,  283,  284,   285. 

On  Roadway,  344,  345. 

On  Water  Service,  620,  621. 

On  Wooden   Bridges  and  Trestles,  446,  448,  449,  452. 
Supervisors  of  Track   and   Structures,   duties   of,   24-26. 

T 

Ties,   report  on,  459-481. 
Appendices : 

Causes    underlying    the    Limited    Production    of    Creosote    in    the 

United  States,  496,  497. 
Comparative  Value  of  Cross-Ties  of  Different  Materials,  482-490. 
Some  Notes  on  Tie  Preservation,  491-495. 
The  Tie  Situation  in  Foreign  Countries,  498-507. 
Conclusions,  481. 
Concrete  Ties,  461-468. 
Introductory,  459-460. 

Specifications  for  Tie  Treatment,  476-480. 
Tie  Statistics,  480. 
Treated  Ties,  468-475. 
Tiling  of  wet  cuts  and  curing  of  slides,  555-571. 
Tinker,  G.  H.,  discussion : 

On  Records,  Reports   and  Accounts,    133. 
On  Uniform  Rules,  34,  38. 
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Timber,   structural,   standard   names   for.  408,   409. 
List  of  references  to  tests,  409-416. 
Standard  defects,  401-407. 
Track,  report  on,  535-540. 
Appendices : 

Proposed   Switchstand   for   Facing    Point   Switch.   538. 
Proposed  Spring  Rail  Frog,  539. 
Proposed  Split   Switch,  540. 

Drainage  of  Soft  Spots  in  Old  Roadbed,  541-554. 
Tiling  of  Wet  Cuts  and  the  Curing  of  Slides,  555-571. 
An    Unrecorded    Property   of   Clay.    572-583. 
Discussion,  584-600. 
Train    Resistance,    150-242. 

Trestles,    pile,  and    frame;    specifications    for,    398-400. 
Turneaure,  F.  E.,  discussion  on  Iron  and  Steel  Structures,  3S9.  390,  391. 

u 

Uniform  Rules,  report  on,  23-27. 
Amendments,  27. 
Conclusions,  27. 
Discussion,  28-40. 

General  Rules  Governing  Supervisors  of  Track  and  Structures,  24-26. 
Introductory,  23. 


Van   Houten,   R.   A.,  discussion   on   Signaling  and   Interlocking,   96. 
Vaughan,   G.  W.,   discussion : 

On  Records,  Reports  and  Accounts,  127. 

On  Signaling  and  Interlocking,  96. 
Von    Schrenk,    Hermann,    discussion   on    Wooden    Bridges    and    Trestles. 
453,  454,   456,   457- 

w 

W'ater  Service,  report  on,  601-617. 

Comparative  Values  of  Barium  Hydrate  and  Soda  Ash  as  Reagents. 

614. 
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MYDREX 

THE   WATERPROOFING    FELT 

Cemented  together  with  hot  Elastic 
Hydrex   Compound,  the   basis    of 

"The  Membrane  Method" 


ARCHES   AND    CONNECTING    BRIDGES 
PA.   R.    R.,   WILMINGTON,   DEL. 

ALL  MADE  WATERTIGHT  WITH    HYDREX   FELT 

IN    1905 

Hydrex  Felt  ts  in  itself,  i,  e. — m  one  sheet  absolutely 
impervious  to  water.  Se'hera.l  sheets  cemented  to- 
gether form  a.  thick,  tough, pliable  'waterproof  stratum  as 
near  a  perfect  <waterproofing  as  it  seems  possible  to  get, 

Hydrex  Felt  and  Engineering  Company 

ENGINEERS  AND  EXPERTS  IN  WATERPROOFING  PROBLEMS 

120  LIBERTY  STREET,   NEW  YORK 

CHICAGO  WASHINGTON  EAST  WALPOLE,  MASS. 


^. 


PNEUMATIC  GATE 
COMPANY 


MANUFACTURERS  OF 


"ELLIOTT    NEW    STYLE" 

PURELY 

PNEUMATIC 
GATES 


Now  made  in  sizes  to  operate  arms  of  any 
desirable  length  with  ease  and  with  satisfactory 
control. 

When  the  view  is  sufficiently  good,  two  or  more 
crossings  within  the  limits  of  1,000  feet  equipped 
with  such  gates  can  be  readily  operated  by 
one  man. 

Information  on  the  gate  subject  promptly  furnished 


950-956  SOUTH  FAIRFIELD  AVE. 
CHICAGO 


18  8  5 

I  9  o  y 

23  Years 
Universal 

Satisfaction 


Our  Railroad 
business  has  in- 
creased phenome- 
nally during  twelve 
months  just  past, 
proving  that 


ADOPTED     BY    THE 

LEADING  RAILROADS.  MANUFACTURERS.  ARCHITECTS  AND  BUILDERS 

As  The  STANDARD  ROOFING 


SEA    GRIT  — 
WOOL  FELT- 


-g^^ 


':;^:v>rl?rq^q     GRANITE  COMPOSITION 
—■'■■—I      WOOL  FELT 
^^E!55^     GRANITE  COMPOSITION 

WRITE  FOR  TESTIMONIALS, PHOTO-PAMPHLET  AND   SAMPLES. 


is   giving    best 
suits. 

Our  additional 
warehouses  at  Chi- 
cago and  St.  Louis 
assure  quick  de- 
livery in  the  VVest. 


Model  Passenger  Station 

Grand  Rapids  &  Indiana  R.  R. 

Levering,  Mich. 


MANUFACTURED  ONLY  BY 


The  Eastern  Granite  Roofing  Co. 


NEW  YORK 

PITTSBURGH 


INCORPORATED    1885 


CHICAGO 
ST.  LOUIS 


Anderson  EconomySwitch  Stand 


style  A 

CThis  stand  throws  parallel  with  the  track. 

CLIt  operates  the  switch  direct  with  the  gear. 

CLIt  is  perfectly  housed  and  sets  on  head 
blocks  just  high  enough  to  keep  the  mech- 
anism free  from  dirt  and  water. 

C£It  has  a  right  and  left  connection. 

CLThis  stand  has  every  good  feature  possible 
to  embody  in  a  stand  of  this  type. 

Manufactured  Exclusively  by 

AMERICAN  VALVE  AND  METER  GO, 

CINCINNATI,  OHIO 
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Poage  Style  D  Water  Column 

Has  a  vertical  and  lateral    movement  to  reach  all 
sizes  of  tenders  and  saves  time  of  spotting  engines 

SEND    FOR    CATALOGUE  C 

AMERICAN  VALVE  AND  METER  CO. 

CINCINNATI,  OHIO 


UNION  SWITCH  &  SIGNAL  CO. 

GENERAL  OFFICE  AND  WORKS :  SWISSVALE,  PA.,  U.  S.  A. 

New  York  Office 

?«"Llb°i"li'  SIGNAL    ENGINEERS 
5|^rfe  AND     CONSTRUCTORS 

Chicago  Office        ^^^^.^^_^____^^.^.^_^^^___^^^^.^^^^^___^___^^_^ 
Monadnock  Block     ^^^^^— ^— ^— — ^^^^^^^— ^^— ^^^^^-^^^^— ^-^^^— ^^-_ 

Montr°al  Office        -p-^         .  ^    y— .  -     .  _-^  , 

sovereignBankBidg.  Dcsigncrs  auQ  Consultmg  hngmeers 
in  the  art  of  safe  and  expeditious 
movement  of  trains  in  yards 
and  on  the  open  road. 

GOOD  SIGNALING  MEANS  GETTING  THE 
MOST  SERVICE  OUT  OF  A  UNIT  OF  TRACK 


Grand  Prize  at  the  Louisiana  Purchase  Exposition 


BLOCK  SIGNALS 

THE  UNION  STYLE  "B"  is  far-and-away  the 
best  and  most  successful  signal  in  the  world  for  auto- 
matic blocking,  excepting  always  the  Electro-Pneu- 
matic. Over  26,000  Style "B"  signals  sold  to  July  i, 
1907.  The  Swissvale  works  turn  out  forty  Style 
"B's"  a  day. 

Manual  Station  and  Train-Order  Signals. 


INTERLOCKING 

Electric,     Electro -Pneumatic    and     Mechanical 
Machines  in  all  sizes  to  meet  all  conditions. 

ELECTRIC  TRAIN  STAFF 

A  simple  and  safe  means  of  protecting 
single  track.  A  pair  of  staff  instruments 
gives  the  best  protection  for  a  bridge  or 
tunnel  under  repair  or  for  congested  points. 

SUNDRIES 

Crossing  Bells,  Relays,  Electric  Locks 
and  Slots  and  all  sorts  of  special  devices. 


VIU 


WHARTON  MANGANESE  STEEL  TRACK  WORK 


MANGANESE    STEEL 


SWITCHES 


FROGS 


CROSSINGS 


Records  of  lasting  quality  as  high  as  25  TIMES  the  life  of  struc- 
tures built  of  ordinary  Bessemer  Steel  Rails,  and  many  still  in  use, 
having  outlasted  10  to  12  ordinary  Bessemer  Steel  Rail  structures. 

WM.  WHARTON,  JR.,  &  CO., incorporated 


ARTHUR 
421 


PHILADELPHIA,  PA. 

Western   Representative 
S.  PARTRIDGE,  -  -  RAILWAY    SUPPLIES, 

Olive  St.,  St.  Louis,  Mo. 


y^lM  SELL 

Crossing  Bells 

Relays 

Channel  Pins 

Bond  Wires 

Batteries  kLd" 

Storage  and 
Primary 

Battery  Chutes 
and  Tubs 

Annunciators 
and  Indicators 

Drilling 
Machines 


WE   HAVE  THE   STUFF 
AND    CAN   DELIVER 
THE   GOODS 

TRY  US 


SAr.E:s  AoBNO'S 


GOULD  Storage  Batteries 
WATERBURY  Primary  Batteries 
MOCK  Insulated  Joints 


BRYANT  Zinc  Company 

Manufacturers  Railway  Supplies 

CHICAGO  NEW  YORK 


TANKS 


This  completed  structure,  including  all  pipes,  frost 
casing,  foundations,  etc.,  costs  little,  if  any,  more 
than  a  wood  tank  on  steel  sub-structure,  and  is  an 
allysteel,  permanent  structure.  Full  information 
regarding  its  many  advantages  mailed  upon  request. 

Chicago  Bridge  &  Iron  Works 

105th  and  Throop  Sts.,    -     Chicago,  III. 

Bridges,  Roof  Trusses,  Buildings,  Stand  Pipes, 
Smoke  Stacks,  Riveted  Pipe,  Locomotive  Turntables 


"VULCANITE" 

Portland  Cement 


GUARANTEED  TO  MEET  ALL  THE 
REQUIREMENTS  OF 

"Standard  Specifications" 

ADOPTED  BY  THE 
AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 


L 


MAIN  OFFICE  SALES  OFFICE 

LAND  TITLE  BUILDING  FLATIRON  BUILDING 

Philadelphia,  Pa.  New  Yoric,  N.Y. 


THE  ABBOTT 

RAIL   JOINT  PLATE 

Reinforces   the   Angle   Bars.     Protects  the   Rails. 
Preserves  the  Ties.     Makes  Smooth  Track.     Im- 
proves   the    Road     Service.       Saves    the    Rolling 
Stock  and  Reduces  Labor. 


wm 


m 


Installed  with  80-lb.  Rails  and  24-in.  Angle  Bars 

Made  to  fit  Two  Tie  Angle  Bar  Joints  on  any  w^eight  rail   from 
60  lbs.  to   100  lbs.  per  yard. 


Section  of  Joint  and  Plate  at  end  of  rail. 


MANUFACTURED  AND  SOLD   BY  THE 


LACKAWANNA  STEEL  CO. 

General  Offices,  New  York  City.         W^orks.  Buffalo.  N.  Y. 


For  Illustrated  Pamphlet  and  full  particulars  as  to  weights,  prices,  etc.,  address 

H.  SANBORN  SMITH,  General  Sales  Agent 

LACKA'WANNA  STEEL  CO.  No.  2  Rector  St.,  NE'W  YORK  CITY 


THEY  CAN'T  SLIP 

Engineers  know  that  corrugated 
bars  are  the  most  efficient, 
reinforcing   material  and 
that  their  positive 
mechanical  bond     A^^^V        Don't 
is  a  guarantee  of  j^^'     take  chances 
permanent      ^^i^F^    i.  .        .    j.     . 

strength.      4^^     ^^  ^^^^  inferior 

forms  of  reinforce- 
ment when  you  can 
eliminate  all  doubt  as  to 
the  permanence  of  your  work 
and  the  sufficiency  of  bond  by 
using 

Corrugated  Bars 


WE    CARRY    LARGE    STOCKS    OF    CORRUGATED     BARS    IN 

Pittsburgh,  Boston,  Philadelphia,  Chicago,  New  Orleans, 
St.  Louis  and  San  Francisco,  for 


WRITE    FOR    OUR    CATALOGUE 

EspaAieiMotalaniCorriisateiBarllQ 

Frisco  Building   -  St.  Louis 


TAeOHo  Cas  Cnqine  UTorka. 
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COLD   TWISTED    LUG    BAR 


High  Elastic  Limit  (65,000  lbs.  or  over)  and  perfect  mechanical 
bond  are  combined  in  bars  that  will  bend  without  fracture  180° 
on  a  radius  equal  to  the  diameter  of  the  bar.  Every  bar  we 
market  is  tested  in  the  cold  twisting  process.  We  maintain  an 
ample  stock  of  Cold  Twisted  Lug  Bars,  and  can  make 

Immediate  Deliveries  in  All  Sizes 


Stock  list  will  be  mailed  the  Fifth  and   Twentieth  of  the 
month,  if  you  are  interested  in  receiving  it. 


#%* 


TRUSSIT 

A  reinforcement  that  makes  con- 
crete roofs  light  and  cheap  as  well 
as  strong,  fireproof  and  everlast- 
ing. Just  the  roof  for  shops, 
roundhouses,  train  sheds  and 
stations. 


HERRINGBONE 

The  standard  expanded  steel 
lath  for  exterior  use.  Because  it 
makes  a  durable,  permanent,  fire- 
proof wall.  Herringbone  gives  en- 
tire satisfaction  when  used  on 
railway  buildings.  All  the  advan- 
tages of  brick  or  stone  construc- 
tion are  secured  at  the  cost  of 
wood. 


The  General  Fireproof  in^  Co. 


HOME  OFFICE  AND  WORKS 

Youngstown    -    Ohio 


New  York.  156  Fifth  Ave. 
Boston,  161  Devoiwhire  St. 
Philadelphia.  1210  Betz  Bldg- 
Washington,  420  Colorado  Bldg. 


St.  Louis,  7 1 0  Missouri  Trust  Bldg. 
New  Orleans,  409  Hennen  Bldg. 
Chicago,  1  1  5  Adams  St. 
San  Francisco,  82  Second  St. 
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The  General  Claim  Agent 

of  a  large  system  recently  said  to   us  that  he  had  just 

learned  the  value  of  a  carload   of  "scrambled   eggs  and 

1 1 


cases. 


A  Car  of  Eggs  had  been  set  on  a  siding  which  was 
not  protected  from  the  main  line  by  our  DeRAILERS. 
A  passenger  train  found  the  car  on  the  main  line.  The 
cost  of  the  eggs  would  have  purchased  a  large  number 
of  our  DERAILERS  illustrated  below. 


rtit. 


The  SMYTH  DERAILER 
is  the  first  practical  de 
vice    on  the   market.      It 
was     developed      by      a 
i^  practical 
&  TRACK   MAN 

who    has    devoted    his   life- 
time to  track  work. 


WE  ALSO  MANUFACTURE  AND  SELL  THE 


The    SMYTH     is    made    in 

THREE  SIZES 
No.   one  is  48   inches   over 
"^^   all,  rests  on  three  ties,  and 

"  ■    weighs  complete  105  'bs. 
No.  two  is  30  inches  over  all,  rests 
on  two  ties,  and  weighs  complete 
70  lbs. 

No.  three  is  24  inches  over  all, 
rests  on  one  tie,  and  weighs 
complete  50  lbs. 

TARGETS  furnislaed  for  all  the 
above  as  desired. 

We  also  manufacture  the 
FREELAND  automatic  de- 
railerforuse  in  connection 
with  the  switch  stand  or 
interlocking  plant.  This  is 
30  inches  over  all. 
POSITIVE  and  RELIABLE 
Weight  complete  105  lbs. 


NEWTON  WRECKING  FROGS 

ALL  FURNISHED  SUBJECTTO  TRIAL.     GET  OUR  CATALOGS 

LOCOMOTIVE   APPLIANCE    CO. 

Old   Colony  Building  CHICAGO 


OVER  25,000  MILES  IN  USE 


I    Showing  the  unprecedented 
approval  of  the 

Base  Supported 
Rait  Joint 


by  Railway  Managers 


Protected 

by 
United 
States, 
Canada 

and 
Mexico 
Patents 


RECEIVED  THE 
HIGHEST  AWARDS 

PARIS  -  •  1900 
BUFFALO  -  1901 
ST.  LOUIS-    1904 


Made  from 

Rolled  Steel 

to  fl    over 
i  ections 

of  Rails 


The  Rail  Joint  Go. 


MAKERS    OF 


Rail  Joints, Step  or  Compromise  Girder 
and  Insulating  Rail  Joints 


Continuous 
Girder 


genh:ral  offices 
29  WEST  34th  STREET,  NEW  YORK  CITY 

Catalogs  furnished  at  all  Agencies 


BALTIMORE,  MD.  Union  Trust  Bldg-. 
BOSTON,  MASS.  -  -  India  Bldg. 
CHICAGO,  ILL.  Monadnock  BIdg. 

CINCINNATI,  O.  1st  Nat.  Bk.  Bldg. 
DENVER,  COLO.  -  Equitable  BIdg. 
NEW  ORLEANS,  LA.  -   Hennen  Bldg. 


TROT,  N.  Y.  -  -  -  Burden  Ave. 
PORTLAND,  ORE.  Marquam  Bldg. 
PITTSBURG,  PA.  -  -  Lewis  Block. 
SEATTLE,  WASH.  -  Alaska  Bldg. 
ST.  PAUL,  MINN.  Pioneer  Press  Bldg. 
ST.  LOUIS,  MO.  Commer'l  Trust  Bldg. 


^ 


The  Standard  American  Brand 


ATLAS 
PORTLAND 
CEMENT 


ALWAYS  UNIFORM 


ATLAS  Portland  Cement  is  manufactured 
from  the  finest  raw  materials,  under  expert 
supervision  in  every  department  of  the 
works  and  is  specified  by  leading  engineers 
in  the  United  States. 

Output  for  1907  over  13,500,000  bbls. 


The  Atlas  Portland  Cement  Company 

30    BROAD    ST..    NE\A/    YORK 


=  ,■« . ;    .  .i  j.^ 


ATLANTIC 

STEAM  SHOVEL 

COMMENDS  ITSELF  TO  USERS  FOR  ITS 

Simplicity  of  Design 

Large  and  Efficient  Boiler 

Minimum  Breakdowns  and  Repair  Costs 
Free  Steaming  and  Low  Fuel  Consumption 


Atlantic  Equipment  Company 


RAILWAY    EXCHANGE 
CHICAGO 


111    BROADWAY 
NEW  YORK 


The  Pennsylvania  Steel  Company 

FROG  AND  SWITCH  DEPARTMENT 

STEELTON,  PA. 

General  Sales  Office,  -        Girard  Building,  PHILADELPHIA,  PA. 


MANARD  ANVIL  FACE  FROG 

10,000  in  Use  of  Designs  151,  152  and  153 
DESIGN  160— Patented 


Ihe  latest  and  best  type  of  "Manard  Frog."  Its  construction  makes  it 
the  safest,  and  its  durability  and  low  cost  make  it  the  most  economical 
manganese  frog  on  the  market. 


TONGUE    SWITCH 

•     For  Steam  Railroads  in  Paved  Streets 


Center  and  Tongue    made   of  "  Manard  "Jsteel.  Pin  of    Tongue  5-inch   diameter    with 

ground    bottom    bearing    on  "  Manard  "  steel.  Tongue  of  grooved    pattern,    giving   the 

required  stiffness  for    Freight  Senice.        EflScient  tightening   device    holding   tongue  firmly 
toward  heel  of  switch. 


SALES  OFFICES:    Baltimore,  Md.,  Boston,  Mass.,  Chicago,  111.,  City  of  Mexico,  London,  England,  New 
York,  N.  Y.,  Philadelphia,   Pa.,  San  Francisco,  Cal.,   St.  Louis,  Mo.,  Steelton,  Pa. 


THE  BUDA  FOUNDRY  &  MFG.  CO. 

MAIN    office:  CHICAGO,   ILL. 


branch:  branch: 

26  CORTLANDT  ST.,  NEW  YORK  FRISCO  BLDG.,  ST.  LOUIS 


^T^HE  advantage  of  being  able  to  secure  a 
dependable  line  of  goods  from  a  single 
manufacturer,  all  backed  by  one  guarantee, 
appeals  to  discerning  railroad  men  who  wish  to 
save  time  shopping  around,  with  the  attendant 
delays  and  dissatisfaction.  High-grade  goods 
and  an  extensive  line  have  created  a  wide 
demand  for  Buda  supplies,  a  partial  list  of 
which  follows: 

HAND  CARS,  PUSH  CARS,  VELOCIPEDES,  TRACK  GAUGES. 

LEVELS,  RATCHET  JACKS,  BALL-BEARING  JACKS, 

CONE-BEARING  JACKS,  SWITCH  STANDS,  RAIL 

BENDERS,  PORTABLE    TOOL   GRINDERS, 

TRACK    DRILLS,  CROSSING  GATES, 

CAR  REPLACERS.  ETC. 


The    Paige    Iron   Works   Department  of  the 

Buda  Company  makes  a  specialty  of  track 

layouts  of  every  nature,  including 

FROGS         CROSSINGS        SWITCHES 


xxvm 


"U.  S." 

Switch 
Stands 


Are  so  con^u<5led  that  they  do  away  entirely  with  a  prolific  source  of  trouble,  namely — the  vexatious 
shearing  of  pins  and  hammering  loose  of  keys.  ^  This  Statementis  worth  investigating,  isn'tit?  ^"U.  S.  " 
Switch  Stands  are  manufadlured  in  the  same  high-grade  manner  that  has  made  "U.  S."  Railway  Water 
Supplies  well  and  favorably  known  throughout  the  railway  world,     .^s/c  /or  a  co/jy  ofCa/a/oy. 

U.  S.  WIND  ENGINE  &  PUMP  CO.,   -     Batavia,  Illinois. 


THE   STRONGEST    MADE 


MILLIONS    IN    USE 


WOLHAUPTER  -  Q  and  W-  SERVIS 

TIE    PLATES 


THE  STANFORD  BUMPING  POST  R.  R.  S,  DERAILER 


ELECTRIC   SIGNALS 

CHICAGO  HIGHWAY  CROSSING  SIGNAL 

TRACK  RELAYS      IRON  COVERED  BELLS      LIGHTNING  ARRESTERS 

CHICAGO   CHANNEL   PIN COPPER   OR  TIN    PLATED 


The  Railroad  Supply  Company 


CHICAGO 

LET  US  MAIL  YOU  OUF.    CATALOGS 


FREE  FOR  THE  ASKING 


AMERICAN 

HOISTING  ENGINES 
^AND  DERRICKS^ 


Give  Maximum  Results  at  a 
Minimum  of  Cost  and  Effort 


COMPLETE   DESCRIPTIVE  CATALOGUE 
YOURS    FOR    THE    ASKING 


AMERICAN  HOIST  AND  DERRICK  CO. 

ST.  PAUL,  U.  S.  A. 

CHICAGO  NEW  YORK         BOSTON  PITTSBURG  NEW   ORLEANS  SAN  FRANCISCO 


KETTLE  RIVER  QUARRIES  CO. 

BUILDING   AND    BRIDGE   STONE 
CREOSOTED  TIES  AND  TIMBERS 


MINNEAPOLIS, 


MINN. 


h 


VFKiN 


STEEL  TAPES  AND  RULES 

ARE  INDISPENSABLE  FOR  ACCURATE  WORK. 


Uade  by 


FOR  SALE  EVERYWHERE. 
SEND  FOR  CATALOG 


TN£ /i/FK/N Pule  (^o, 

Saginaw,  Mich.,  U.  8.  A. 
New  York.       London,  Eng. 
Windsor,  Canada. 


RAMAPO  IRON  WORKS 

MAIN  OFFICE.  HILLBURN,  N.  Y. 
Works— Hillburn,  N.  Y.,  and  Niagara  Falls,  N.  Y. 


Safety 
Switch 
Stands 


Crossings 
Switches 

Fro^s 

Cars 


CORTRIGHT  METAL  SHINGLES 


IM  The\    1  i^t    1-    lonp    i-    the    building    it-elf       1  he\     iu\er    need    repiir-       lhe\'re 

-torm-prnof    lis^litiunK-proof     hre-proof    ind  orii  iment  il        ^enii     for    jb   pige  booklet — 
"Righth  Roofed  Buildings  " 

CORTRIGHT   METAL    ROOFING    CO. 

Philadelphia  and  Chicago. 


-■^■^  - V  ■ -■  ■'■■   .^-iJRa^ 


Vr^?r^.... 


To  reduce  cost  of  maintenance  and  still  have  the  best  track 

Use  Beaver  Dam  Malleable  Iron  Tie  Plates 


Made  to  Fit 

Your  Requirements 


ANY  LENGTH 
ANY  WIDTH 
ANY  THICKNESS 


BEAVER  DAM   MALLEABLE  IRON  COMPANY 


Ask  us  to  tell  you  why  they  are 
best  for  electric  roads 


BEAVER  DAM,  WIS. 


CHICAGO  OFFICE  :  607  Commercial  National  Bank  Building 


Made  Exclasively  by  the 

LIDGERWOOD   MFG.   COMPANY 


96  Liberty  Street,  NEW  YORK,  N.  Y. 


_         .        (      CHICAGO 
Branches:  ,      PITTSBURGH 


CLEVELAND 
LONDON,    ENG 


The  National  Lock  Washer  Co. 

NEWARK,  N.  J. 

MANUFACTURERS  OF  NUT  LOOKS 

Chicago  Office,  -  -  417  Monadnock  Block 


COMPLIME^^TS    OF 


Vero2\^a  Tool  T^^orivS 


PITTSBURG.  PA. 


i 
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